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INTEODUCTOEY EEMAEKS. 



Natural Soiencb, or, in other words, a knowledge of 
the objects in the material world around us, is now 
becoming an important part of education in schools. 
It is generally allowed that the young should not con- 
fine their attention entirely to languages, arithmetic, 
and mathematics, but that they should extend their 
studies, and acquire information regarding the structure 
q{ the globe, and of the animals and plants with which 
it is stocked. Classical literature undoubtedly forms 
an important groundwork in the education of youth, 
and the acquisition of modem languages cannot be 
overlooked. But something more is wanted to make 
our students of arts useful members of society. They 
must be able to take an intelligent view of God's 
works, by embracing some department of ^Natural His- 
tory in their course of study. The ^Natural Sciences are 
weU fitted to call forth the faculty of observation, to 
inculcate correctness of description, accuracy of dia- 
gnosis, and orderly arrangement All these qualities 
are of great importance in th.e ordinary affairs of life. 

A proposal has been tnade that at least one subject 
in Natural Science shall be prcrfessed by every one who 
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appears for an examination in Arts in our Universities. 
Examinations are now held in the University of 
Edinburgh for graduation in Arts with honours in the 
departments of Botany, Zoology, Geology, and Chemistry. 
This seems to be a step in a right direction, and the 
carrying out of the plan will have an important influ- 
ence on the system of education in our schools and 
colleges. The High School of Edinburgh, and other 
schools both in Scotland and in England, have already 
made a successful move in this direction. The Science 
and Art Department are encouraging the study of 
science, and examinations are held for the purpose of 
testing the qualifications of those who are to be certified 
teachers in our educational establishments, and who 
are to direct the studies df the young in the paths of 
science. The examinations in Botany, Natural History, 
and Chemistry, conducted by the Highland and Agri- 
cultural Society of Scotland, have operated most 
beneficially on students of Agriculture. Botany is also 
included in the examinations of Veterinary students. 
The institution of Degrees in Science, and the founding 
of valuable scholarships, in the University of Edinburgh, 
are well calculated to foster a taste for scientific pursuits. 
The efforts made now-a-days to promote the higher 
education of women will also undoubtedly lead to 
more general attention to Natural History. The influ- 
ence which women exercise over the studies of the 
young, and the position which they occupy in society, 
will thus be made subser^ent to the advance of science. 

Among the natural sciences none is more fitted for 
general education than Botany. It relates to objects 
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which are constantlj within our reach, and can be 
studied at all times. It is fitted alike for young and 
old, for rich and poor. It carries us to the fields, and 
makes us see wonderful beauty and arrangement even 
in the meanest weed. It adds brightness and pleasure 
to the hours of recreation. The prosecution of the 
science does not call for any cruel experiments, or for 
any proceedings which could inflict a wound on the 
most sensitive heart. It is the simplest of the sciences, 
and seems to be well calculated to initiate natural his- 
tory studies. 

The object of the present work is to give the prin* 
ciples of Botany in a plain manner, and to use only in 
the text such technical words as are essential for the 
beginner. In the notes explaining the woodcuts certain 
additional terms are given, which are considered to be 
suitable for more advanced pupils. In the First Fart 
of the work the structure and functions of the various 
organs of plants are considered, from the root to the 
perfect fruit and seed, and the facts are illustrated by 
woodcuts. In the Second Part the subject of Classifi- 
cation is discussed ; and here it is that a more extensive 
use of technical terms is required. An attempt has 
been made to give the systems of arrangement in such 
a way as to be comprehended by the young student ; 
and descriptions are given of some of the common weeds, 
with the view of illustrating the subject and of encou- 
raging the examination of those plants which are within 
the reach of every one. At the end of each division 
a series of questions is given, in order to direct the 
attention both of the teacher and of the pu^^il^ to 
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facts which require to be impreseed on the memory. 
In the Glossary at the end an explanation is given of 
the terms employed, and the Index contains references 
to the places where these terms are more fiiUy explained. 

The works of Grod are wonderful, and they are 
sought out of all that have pleasure therein. Let a 
student acquire a taste for science, and he will proceed 
to search out more and more the objects around him. 
But while prosecuting with ardour the study of material 
things, let him not be misled by a Mse glare of scienjce, 
which would lead him to ignore the power, the om- 
niscience, and the constant superintendence of Him by 
whom all things were created, and by whom they 
subsist every moment ; and, while diligently acquiring 
a knowledge of earthly things, let him not forget the 
better things of God's Word, which alone can make him 
wise unto salvation. 

27 Interlbith Row, Edinburgh, 
February 1876. 
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THE STRUCTURE AND FUNCTIONS OF THE 
VARIOUS ORGANS OF PLANTS 

— ♦ — 

CHAPTER I. 

THE ORGANS OP NUTRITION. 

A PLANT consists of certain parts called Organs, which 
assume various forms, according to the functions which 
they perform in the economy of vegetable life. These 
organs, generally speaking, are denominated Root, Stem, 
Leaves, and Flowers, The first three are specially con- 
cerned in the nourishment of the plant, and are called 
Nutritive Organs ; while the flowers are connected with 
the production of fruit and seed, and the continuance of 
the species, and are called Reproductive Organs. There 
is a common axis, one part of which penetrates the earth, 
constituting the root-system or Descending axis, while 
the other rises into the air, bearing leaves and flowers, 
and forms the stem-system or Ascending axis. Each of 
these parts gives origin to buds, which in the former 
are developed as roots and rootlets, in the latter as leaves 
and leaflets of various kinds. The ordinary leaf may 
be said to be the type of the organs connected with the 
ascending portion of the axis. This type undergoes 
various modifications. Some leaves are green, others 
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are coloured — some are placed close together or united, 
others are separated — some are thick and fleshy, others 
are thin and membranous, or mere scales — some are 
flat, others are folded so as to become hollow — some are 
changed into tendrils, others into thorns. The leaflets 
forming the flowers are usually very different in aspect 
from the ordinary leaves. It will be found, however, that 
they are all formed according to the leaf4aw, and that 
they often show this in an evident manner when altered 
by cultivation or otherwise. 

Fig. 1 {Frontispiece) represents an ideal plant with 
its different parts. There is a general axi? from which 
proceeds the descending part, forming the root, with its 
fibrils, the extremities of which are called spongioles ; and 
the ascending part, forming the stem, with its various 
joints or divisions. On the stem, leaves are developed, 
first in the form of temporary seed-leaves (cotyledons), 
and then in the form of simple or compound leaves. Buds 
are formed at the points where these leaves join the 
stem, from which proceed branches. In process of time 
the flower is produced, consisting of calycine leaves or 
sepals, corolline leaves or petals, staminal leaves or 
stamens, and pistilline leaves or carpels which form the 
ovary, and cover the young seeds or ovules. The latter 
are either attached to the edges of the carpels, or are 
produced at the extremity of the ascending axis. In 
this ideal figure, the parts of the flower or blossom are 
represented as separated from each other by spaces. In 
general they are found close to each other in nature. 

Such is an enumeration of the organs of plants. 
We shall now proceed to consider them in succession. 



MICROSCOPIC STRUCTUBE OP PLANTS. S 

commencing with their Btructure, as observed by means 
of the microscope, 

I. — On the MioRoscopio Structure op Plants. 



As regards their minute structure, plants have been 




divided into those which are composed entirely of small 

Fig. 2. — Two cells or vesicles (magnified) which enter into the 
composition of plants. The dots are places where the membrane, 
forming the walls of the cells, is thin. 

Fig. 8. — Cylindrical cells (magnified) united together and form- 
ing cellular tissue. Some of them are represented as containing small 
cellules or nuclei which are employed in the production of new cells. 

Fig. 4. — Elongated spindle-shaped woody tubes, closed at each 
end, and united together, so as to form a kind of vascular or bast 
tissue (magnified). By maceration they form the pulp of paper. 

Fig. 6. — Parasitic fungus constituting a kind of mould {Pent- 
eillium). There are root-like processes below which, totisv ^2ck& 
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bladders or vesicles called CdU (fig. 2), united together 
in various ways (fig. 3) ; and those which are furnished 
not only with cells, but with long closed tubes called 
Vessels (fig. 4). The former are denominated Cellular 
plants (fig. 14, p. 9), and they may be illustrated by 
mushrooms, moulds (fig. 5), sea-weeds, and lichens, which 




Pig. 6. Fig. 7. Fig. 8. Pig. 9. 



have no conspicuous flowers, and are reproduced by small 
cellular germs. The latter receive the name of Vascular 
plants, and are seen in the case of ordinary trees, shrubs, 
and herbs, which have more or less evident flowers, and 
are reproduced by true seeds (fig. 13, p. 7). 

The structure of the cells and vessels of plants can 

spawn or matrix a, whence the plant arises. Its stalk h is com- 
posed of cells or little bladders placed end to end, and at the summit 
are numerous bead-like bands c, consisting of minute microscopic 
germs (cellules). 

Pigs. 6 to 9. — ^Various forms of cells and vessels magnified. 6. 
Dott^ cell, the marks being caused by pits or depressions on the 
wall of the celL 7. Dotted or pitted vessel composed of united 
cells with the partitions obliterated. 8. Annular or ringed cell, 
with fibres in the form of rings. 9. Scalariform or ladder-like 
vessels of ferns. The marks are in the form of bars or lines, and 
the vessel is prismatic. 

( 



• MICROSCOPIC STRUCTURE OF PLANTS. 5 



only be fully seen by the aid of the microscope. In 
some cells and vessels there are seen markings in the 




ng. 12. 



form of dots (figs. 6 and 7), or rings (fig. 8), or bars 
(fig. 9), or fibres, coiled np like a corkscrew (figs. 10 
and 11). Hence arise the various names of dotted, 

Fig. 10. — Spiral cell, with an elastic spiral fibre inside. 

Fig. 11. — Spiral vessels, with spiral fibres inside, some unrolled. 

Fig. 12. — Papyrus a/ntiguorum, the bulrush of Scripture. It 
grows in the Nile, and is used for making light boats. In Lucan's 
PharsaliOf iv. 186, we meet with the following : — " Conseritur bibula 
Memphitis cymba Papyro. " We may conclude that the ark in which 
the infant Moses was laid in the Nile— an ark of bulrushes, daubed 
with slime and with pitch — was a small boat constructed with papy- 
rus. In Abyssinia, according to Bruce, boats are made of this plant. 
Anothei* species, P, ayriacusy grows in Sicily, and ia used tot ^v^.'^^^ 
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annular or ringed, barred or ladder-like, and spiral 
cells and vessels. These, along with woody or bast 
tubes (fig. 4), may be seen in different parts of the 
same plant. Vessels called laticiferous, and woody 
tubes called punctated or disc-bearing, showing bor- 
dered pits, are described at pages 10 and 31. 

Common mould (fig. 5) and mushrooms are composed 
of cells united together ; so is the pith of trees, cotton, 
cork from the outer bark of the cork-oak, rice-paper, 
and the paper of the ancients, made from the papyrus 
— ^the bulrush of Scripture (fig. 12). All fleshy fruits, 
as the peach, and succulent roots, as turnip and carrot, 
contain a large quantity of cellular tissue; and the 
object of the horticulturist in many instances is to in- 
crease it, and thus to render vegetables tender and suc- 
culent, which would otherwise be tough and dry. Cells 
often become hardened and thickened by matter de- 
posited within. Thus the hard shell of seeds, and the 
stone of fruits, consist of woody cells. The coverings 
of some seeds, as Collomiay exhibit spiral cells (fig. 10), 
the fibres of which, when moistened by water, uncoil 
in a remarkable manner, and form a beautiful object 
under the microscope. The use of this seems to be to 
fix the seeds in the moist soil after being scattered. 
Annular cells (fig. 8) are met with in Cactuses. 

The woody parts of plants consist of elongated tubes, 
tapering to each end (fig. 4), and rendered tough by 
woody matter deposited within. These woody tubes 
can be separated from the bark and stems of many plants 
by maceration or steeping in water; and in this way 
hemp, flax, and bast are procured. Each minute thread 



MICROSCOPIC STRUCTUEE OF PLANTa 7 



of these substances consists of numerous woody tubes 
overlying each other, as represented in fig. 4, and 
thus having considerable tenacity. Pitted or dotted 
vessels (fig. 7) are the largest kind of tubes in plants. 
They are well seen in the sugar-cane, in the bamboo, 




Fig. 13. 



and in the bramble. Spiral vessels are met with abun- 
dantly in the higher tribes of plants. They may be 
procured from common asparagus after being boiled, 
by separating the cellular portion in water under the 
simple microscope. The spiral fibres of the vessels may 

Fig. 13. — Aerial stem of Banana {Afttsa sapientum), formed by 
sheathing leaves. The proper stem is subterranean, and the stem 
shown in the figure is a shoot sent up, bearing leaves and fruit, and 
then decaying to give place to another shoot. The cluster of fruit 
is seen at the top. The plant contains numerous spiral vesaela* 
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be exhibited by making a superficial cut round the 
leaf-stalk of a geranium or strawberry, and then pulling 
the parts gently asunder. When the coil is unrolled, 
it appears like the threads of a cobweb. In the com- 
mon hyacinth and lilies these spiral fibres can be easily 
seen. In the case of the banana (fig. 13), the spiral 
fibres are so abundant that they are puUed out and 
used as tinder in the West Indies. In the stem of 
trees the spiral vessels exist around the pith. In the 
common garden balsam several varieties of vessels exist, 
which can be readily separated under the microscope. 
Vessels, having bars arranged like the steps of a ladder 
(fig. 9), occur in ferns. 

Thus all the parts of plants, including root, stem, 
leaves, flowers, and fruit, are composed of cells and 
vessels of different kinds, either separate or combined ; 
and by means of these simple tissues the Creator carries 
on all the wondrous processes of vegetable life. The 
absorption of nourishing fluids takes place by the cells 
of the root ; the sap then rises through the cells and 
vessels and intercellular canals of the stem ; it reaches 
the cells and vessels of the leaf, and is there exposed to 
the action of air and light, so as to fit it for the various 
secretions given off as it descends through the cells and 
vessels of the bark. Thus the functions of nutrition or 
nourishment are accomplished. The cells and vessels 
of the flower, on the other hand, undergo changes, and 
are united in the form of various organs, so as to enable 
them to perform the functions of reproduction, and to 
produce the perfect seed. 

To cells we trace all the phenomena of vegetable 
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life ; they constitute the first tissue of all plants, and 
to them we must refer all the other tissues. In its 
embryo or youngest state, the plant consists entirely 
of cells. In their unchanged primitive condition cells 




Fig. 14. 



are seen in cellular plants, and in the pith, the pulp, 
and the succulent parts of vascular plants. When 
thickened by hard deposits inside they form the woody 
cells of the stones of fruits, and when elongated they 

Fig. 14. — A small portion of a Chara magnified to show the 
intra-cellular circulation. The arrows mark the direction of the 
fluid and granules in the different cells. The clear spaces are parts 
where there is no movement. The circulation in each cell is in- 
dependent of that in the others. 

Fig. 15. — Vallianeria spiralis, an aquatic plant, found in ditches 
in the south of Europe (much reduced in size). In the separate 
cells movements of fluids take place, a, Stamen-bearing plant ; 
pistil-bearing plant 
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appear as the fibres of the wood, giving firmness to the 
stems and to the ribs of the leaves ; and when lined 
with a spiral thread, they appear as spiral cells and 
vessels of various kinds. Cells also contain in their 
interior a gelatinous substance, called protoplasm^ and 
nuclei (fig. 3, p. 3), both of which are concerned in the 
production of new cells and in the movements within the 
cell-wall; cells have also the power of dividing into 
two, and thus multiplying. 

Besides a general movement of sap, there are also 
special movements occurring in ceUs and vessels. In 
the cells of aquatic plants, such as Char a (fig. 14) and 
Vallimeria (fig. 15), there is a distinct and regular 
motion of granules, which is easily seen under the micro- 
scope. These movements are promoted by moderate 
heat, and seem to take place in a spiral manner round 
the cells. They appear to be connected with the life 
of the individual cell, and the formation of new cells. 
In the jointed hairs seen in the flowers of the Virginian 
spider-wort, and in the hairs of the common nettle, 
similar motions are observed. In certain vessels of 
plants, called laticiferoiLS, movements of granular matter 
have been detected. These vessels, or intercellular 
canals, according to some, have a peculiar structure, 
and unite together freely, as seen in fig. 16, so as to 
form a sort of network. They are best seen in plants 
with milky or coloured juices, as the India-rubber and 
Gutta-percha plants, Spurges (Euphorbia), and Celan- 
dine (Chelidomum), Some consider the motions in 
these vessels as being connected with the return of the 
sap from the leaves to the bark. 
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Cells contain various kinds of fluids — some coloured, 
others colourless ; some thin, others thick and viscid. 
They also contain starch (fig. 17), sugar, wax, fatty and 
oily matters, air, and crystals which are called needles 




Fit'. 19. 



Fig. 18. 



(raphides, fig. 18). These crystals consist usually of 
lime in combination with oxalic or phosphoric acid. 
They are easily seen in the common hyacinth and in 
other plants belonging to the lily tribe ; also in Balsams, 
Willow-herbs, and Galiums. Their presence or absence 
is a mark of distinction in some families of plants. 
Conglomerate crystals are seen in the cells of Beet-root 
(fig. 19). 

Fig. 16. — Laticiferons vessels (sometimes called milk-vessels or 
canals) of the common Dandelion. The vessels unite together 
freely, and movements of granular matter take place in them. 

Fig. 17. — a, Starch-cells of the pea, showing grains of starch in 
the interior. 6, Separate starch grains with striae (lines). 

Fig. 18. — Cells of Dock c, containing raphides r. The cells 
are called Raphidian. The raphides consist of needle-like crystals 
joined together in clusters. 

Fig. 19. — Cells of Beet-root, containing coiv^omfttttXfe <srj^\»5a^. 
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QUESTIONS. 

1. Wliat is meant by the organs of plants ? 

2. Mention the nutritive organs of plants. 

3. Mention the reproductive organs of plants. 

4. What does the minute structure of plants consist of? 
6. Describe a cell. 

6. Describe a vessel 

7. What is meant by cellular plants ? Give an example. 

8. What is meant by vascular plants ? Give an example. 

9. How are dotted cells and dotted vessels formed ? 

10. How are annular cells and vessels formed ? 

11. Describe scalariform vessels, and mention the plants 
in which they occur. 

12. How are spiral cells and vessels formed ? 

13. What is the form of the tubes and bast-cells which 
constitute the wood of trees ? 

14. Of what tissue is the pith of plants composed ? 

15. What is the structure of cork, and whence is cork 
procured ? 

16. What is the structure of rice paper and papyrus 
paper, and how do they differ from common paper ? 

17. ' What tissue abounds in fleshy fruits and in fleshy 
roots ? 

18. What is the structure of the shell in stone-fruits, 
such as the peach ? 

19. What is the structure of flax and hemp ? 

20. In what part of the stem of trees do spiral vessels 
chiefly occur ? 

21. What are the functions performed by cells and 
vessels ? 

22. Of what tissue does the young plant consist in its 
earliest state ? 

23. Describe the movements seen in the interior of some 
cells, and mention the plants in which they are seen. 

24. What movements are seen in vessels ? Mention the 
vessels in which they are seen. 

25. Mention some of the contents of cells. 

26. What is protoplasm ? 

27. What are raphides, and of what are they composed ? 
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IL — On the Structure, Conformation, and 
Functions op the Eoot. 



The root is the first part of the young plant which 
protrudes from the seed (fig. 20 r). It descends into 




Fig. 21. 



the ground in order to fix the plant and to imhihe 
nourishment On account of its downward tendency, 
the name of Descending Axis is sometimes applied to 

Fig. 20. — Embryo of the pea {Pimm sativum). The cotyle- 
dons c c, or seed-lobesy are fleshy, and remain below ground. The 
radicle r protrudes through an opening, and is the first portion of the 
embryo which appears during germination. The plumule, gemmule, 
or first bud, g, afterwards appears and rises upwards to form the as- 
cending axis. The common axis ^, whence the radicle and plumule 
proceed, is united to the cotyledons by a short petiole ; /, a small 
depression in one cotyledon, where the young bud g lay. 

Fig 21. — Vertical section of a rootlet of an Orchis, much mag- 
nified ; sp, the minute cells at the extremity, called spongioles or 
spongelets ; c c, the other cells of the root ; v, dotted VQa»>^\&. 
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it. The cells situated near the extremities of the minute 
fibrils of the root are those which are chiefly concerned 
in taking up nourishment from the soil. They are 
sometimes called spongioles (fig. 1). One of them is re- 
presented on a magnified scale in fig. 21, sp. The other 
cells of the root are indicated by c c, and these pass 
gradually into dotted vessels v. 

Some roots taper as in the carrot and radish, and 
are called tap-roots (figs. 23, 24) ; others branch in 
various ways (fig. 22). In grasses we see frequently 
numerous fibrils proceeding from one point, and giving 
rise to fibrous roots (fig. 26.) In the turnip the root is 
large and succulent (fig. 25). 

As plants are fixed to a spot, their food must be 
always within reach ; and it is requisite that the roots 
should have the power of spreading, so as to secure 
renewed supplies of nutriment. A beautiful provision 
is made for this by the elongation of the roots taking 
place at their extremities, so that their advancing points 
are enabled easily to accommodate themselves to the 
nature of the soil in which the plant grows. They are 
thus also enabled to move easily from one part of the 
soil to another, according as the nourishment is ex- 
hausted. The exhaustion of the soil by the roots of 
plants affords an explanation of the phenomenon called 
fairy rings, consisting of circles of toadstools, followed 
by dark-green grass, seen in old pastures. These have 
been traced to successive generations of certain fungi 
spreading from a central point, and absorbing the nutri- 
ment of the soil, so as to unfit it for the growth of 
the fungi, but not for the growth of grass. 



^ STEUCTUEE AND CONFORMATION OF THE ROOT. 15 
The root, in its growth, keeps pace with the develop- 




ment of the stem and its branches. As the stem shoots 

Figs. 22 to 26. — Various forms of root. 22. Branching root 
of Mallow. 23. Conical tap-root of Bryony. 24. Spindle-shaped 
tap-root of Radish. 26. Succulent root of Turnip. 26. Fibrous 
root of Rib-grass. In figs. 23 to 26 the. crown of the root is seen, 
which is a shortened stem bearing leaves, 

\ 
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upwards and produces its leaves, from which water is 
constantly transpired, the roots continue to spreaxl, and 
to renew the delicate cells and fibrils which absorb the 
fluid required to compensate for that lost by evapora- 
tion, or consumed in growth. There is a constant rela- 
tion between the horizontal extension of the branches 
and the lateral spreading of the roots. In this way 
the rain which falls on a tree drops from the branches 
on that part of the soil which is situated immediately 
above the absorbing fibrils of the roots. If the roots 
are not allowed to extend freely, they exhaust the soil 
around them, and do not receive a sufficient supply of 
food. The plants in such a case, deprived of their 
proper means of support, become stunted and deformed 
in their appearance. 

If we wish trees to be firmly rooted, we must allow 
the branches to spread freely. When they are so planted 
that the branches and leaves of contiguous trees do not 
interfere with each other, and all parts are exposed 
to air and light equally, the roots spread vigorously and 
extensively, so as to fix the plants firmly in the soil, and 
to draw up copious supplies of nourishment. But in 
crowded plantations, where the branches are not allowed 
freedom of growth and exposure, and the leaf-buds are 
consequently either arrested or feebly developed, the roots 
also are of necessity injured. They do not spread, and 
the trees are liable to be blown over by the wind j they 
exhaust the soil in their vicinity, circumscribed by the 
roots of the trees around ; their functions become lan- 
guid, and thus they react on the stem and branches, so 
that the additions to the wood are small, and the timber 
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is of bad quality. In such a plantation, we may see a 
marked difference between the trees on the outside and 
those in the centre ; the former, having their branches 
and leaves fully exposed on one side, grow with com- 
parative vigour, and form excellent timber on that side 
of the stem where light and air are admitted ; while the 
latter, hemmed in on all sides, are drawn up like bare 




Pig. 27. 

poles, producing a small amount of ill-conditioned wood. 
A crowded plantation, in which the trees are allowed to 
increase in size, until they interfere with each other, can- 
not be easily reclaimed ; and any attempt at thinning 
is accompanied vidth the risk of exposure to the blasts, 
which speedily level trees having no firm hold of the soil. 

Roots in general descend into the soil at once ; but 
in some cases they proceed from different parts of the 
stem, and thus are in the first instance aerial. The 

Pig. 27. — Ficua indieay the Banyan-tree (belonging to the 8amo 
genus as the Fig.), sending ont numerous adventitious or aerial roots , 
ivhich reach the soil, and prop the branches. 
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Banyan-tree of India (fig. 27) exhibits these roots in a 
remarkable manner. They proceed from all parts of 
its stem and branches, and ultimately reach the soil, 
forming numerous stem-like roots which support this 
wide-spreading tree. The famous Nerbudda Banyan 
had 300 large and 3000 small stems, and was said to be 
capable of sheltering 7000 men. 




** Such, too, the Indian fig, that built itself 
Into a sylvan temple, arch'd aloof 
With airy aisles and living colonnades."— Montoomert. 

Or, as Milton describes it : — 

" The fig tree ; not that kind for fruit renowned ; 
But such as at this day to Indians known 
In Malabar and Deccan, spreads her arms, 
Branching so broad and long, that in the ground 
The bending twigs take root, and daughters grow 
About the mother-tree, a pillar'd shade, 
High over-arched, with echoing walks between." 

Fig. 28. — Fandantts odoratissimus, the Screw pine, giving off 
numerous aerial roots near the base of its stem. 

Fig. 29. — Rkizophora Mangle, the Mangrove-tree, supported, 
as it wei-e, upon piles by its numerous roots, which raise up Uie stem. 
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In some parts of India bridges are made by aniting 
the aerial roots of species of ficns, growing on either 
side of a stream. 

The Screw pine (fig. 28) is another instance of a 
plant giving out aerial roots. These support the plant 
like wooden props. The Mangrove (fig. 29) also ex- 
hibits similar supports. 




Fig. 80. Fig. 81. 

When roots do not extend much, they are sometimes 
provided with reservoirs of nourishment which supply 
the means of growth during a certain period. This is 
seen in the case of terrestrial orchids (figs. 30, 31). 
These reservoirs or tubercules constitute the salep of 
commerce, which is used as food. In dry soils, roots are 
sometimes unable to spread from want of moisture, and 

Fig. 80. — Roots of Orchis ; some of them are slender and absorb 
nutriment, while two of them are thick, fleshy tubercules, which 
contain a reservoir of foo<l, and constitute salep. 

Fig. 81. — Orchis, showing tubercles or tuberous roots, which 
conUdn nourishing matter. 
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form bulb-like appendages so as to lay up a store of 
nourishment. In seasons of drought also, a similar 
occurrence may take place. In the orchids of warm 
climates, in place of thickened roots there are large 
bulb-like stems which serve the same purpose (fig. 32). 
These orchids, which are often called air-plants (epi- 
phytes), send out roots into the air, and attach them- 




Pig. 32. Fig. aa. 



selves to the stems and branches of trees. They do 
not push their roots into the interior of the plants, but 
they are nourished by the moisture around them, 
and by the decay of matter on the outside of the 
branches. Some plants send their roots or suckers 
into the substance of other plants either dead or living, 
and derive their food entirely from them. Such are 

Fig. 32. — OrcMdeous air-plant, with its peculiar flowers and 
bulb-like stems. 

Pig. 3B. — A species of mould-fungus (Botrytis), magnified. 
There are below root-like filaments m, constituting the spawn. 
These insinuate themselves into the tissues of living plants, and act 
as parasites, drawing nourishment from the tissues, and ultimately 
destroying the plants. The stalk a consists of cells bearing rounded 
reproductive cells or spores c. 
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called parasites, and they may be illustrated by moulds 
(fig. 33) ; by fungi which grow on the decaying stumps 
of trees, and by those which cause diseases in growing 
crops ; by dodder (fig. 34), which injures flax and clover 




Fig. 84. 

by living on their juices ; and by broom-rapes, scalewort, 
and the gigantic Eafflesia of Sumatra and Java (fig. 35). 
Some of these parasites have no leaves (dodders); others 
bear whitish or brown scales (scalewort and broom-rape) ; 

Fig. 34. — CuscTita or Dodder, a parasite which first grows in 
the usual way, from seed, with its roots in the ground, but ulti- 
mately twines round other plants, and becomes attached to them by 
means of the rounded suckers represented on the slender branch a 
in the figure. The Dodder loses its connection with t\i« v^VL 



22 



PAKASmO PLANTS. 



while others, as the mistleto (fig. 36), have green leaves, 
which elaborate the juices derived from the stock by 




Fig. 35. 

exposing them to the air and light. The study of the 
growth of parasitic fungi is a subject of great import- 




Fig. 36. 



ance, as many diseases in plants, animals, and man, ap- 
pear to be either caused or modified by them. Dry-rot 
in wood, for instance, is attributed to the attack of a 

Fig. 36.— i2a#esia Amoldi, a parasitic plant of Sumatra and 
Java. The flower is tliree feet in diameter. It grows attached to 
the stem of a climbing Cissus. 

Pig. Z6,—Viscum album, the Mistleto, a green-leaved parasite 
wbJeh derives nourishment from the plants to which it is attached. 
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fimgas ; so also are certain diseases of the skin and 
mucous membrane in man and animals. 

QUESTIONS. 

1. Why is the root called the descending axis ? 

2. What is meant by fibrils of the root ? 

3. What is meant by spongioles, and where are they 
seen ? What is the crown of the root ? 

4. What is meant by a tap-root ? Give an example. 
6. In what manner do roots lengthen ? 

6. Give an explanation of fairy-rings. 

7. What is the function of roots ? 

8. What relation do roots bear to branches ? 

9. Describe the injury caused by plantations being 
crowded. 

10. What is meant by aerial roots ? Give examples. 

11. What kind of roots are met with in Orchids ? 

12. What is salep? 

13. What is meant by epiphytes ? Give an example. 

14. What is meant by parasites ? Give examples. 
16. Describe four kinds of parasites. 

16. How is dry-rot in wood produced? 

IIL — On the Structure, Conformation, and 
Functions of the Stem. 

The stem is the name given to that part of a plant 
which bears the leaves and the flowers. Some plants 
have very short and inconspicuous stems ; others have 
long and conspicuous stems. In the cowslip, dandelion, 
and gentianella, the stem is so short that the leaves 
appear to rise from the root, and are hence called radical 
leaves. -Some stems lie along the ground only partially 
covered by soil, as the iris and Solomon's seal (fig. 37); 
others are completely under ground, as ginger (fig. 38). 
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The latter give off leaf-buds, which appear above ground. 
The banana (fig. 13, p. 7) has an underground stem 
pushing out shoots, which form temporary aerial stems 
or branches ; so have also the asparagus, the bamboo, 
arrow-root, and some rushes and sedges. Many sub- 
terranean stems are called, in common language, roots, 




Fig. 37. Fig. 88. 



from which, however, they are distinguished by the 
leaf-buds which spring from them. Thus the potato 
is an underground stem or branch giving off buds in 
the form of eyes. The bulbs of lilies, leeks (fig. 39), 
and tulips, with their fleshy scales, and the more solid 
bulb-like corms of crocuses and meadow-saffron (fig. 40), 
are in reality stems giving off buds, which are covered 
with different kinds of scales or modified leaves. The 

Pig. 37. — Rhizome, root-stock, or partially subterranean creep- 
ing stem of Solomon's seal (Polygonatum multiflorum). The scars 
left on the stem by the fall of the buds give rise to the English 
name of the plant. 

Fig. 38. — Rhizome, or thickened creeping stem of ginger {Ziri' 
giber officincUe)^ producing flowering stems and roots. This rhizome 
or root-stock is the part used economically and medicinally, and 
called ginger-root. 
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cloves of onions are the young buds formed at the points 




Fig. 40. 

where the fleshy scales join the underground stem. The 

Fig. 39.— Bulb of leek {Allium Porrum), cut perpendicularly, 
showing the disc at the base whence roots proceed on one side, and 
scales with the growing point on the other. The outside scales are 
thin and dry, while the internal ones are thick and fleshy. 

Fig. 40. — ^Corm of the Saffron {Crocus sativaa), showing the 
mode in which new corms are produced above the old. It may be 
looked upon as a rhizome, increasing vertically in place of hori- 
zontally. No. 1 indicates the old corm now shrivelled ; 2, the corm 
produced at the apex of it, in the form of a bud ; 3, the young bud 
producing a flowering stem. 

Fig. 41. — Corms of Meadow-saflFron {Colchicum autumnale) ; a, 
old corm shrivelling; 6, young corm produced laterally from the 
old one. Leaf-buds are produced at the upper part ; roots below. 
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new buds of the crocus and gladiolus are produced at the 
summit of old underground corms (fig. 40), while those 
of the meadow-saffron are formed at the side of the 




Fig. 42. 

corms (fig. 41). In these cases the new corm feeds 
upon the old one, and gradually absorbs its contents. 




Fig. 44. 



Some stems are weak, and are supported by climbing 
on walls or rocks, as ivy (fig. 42), or by twining round 
some support, as convolvulus (fig. 43). These twining 

Fig. 42. — ^Branch of Ivy (Hedera Helix), with root-like processes, 
by means of which it is attached to walls or trees. 

Fig. 43. — Stem of Bindweed {Convolvulus sejpitm) twining from 
right to left 

Fig. 44. — Stem of Hop {Humulus LupultLs), twining from left 
to right. 



STRUCTURE AND CONFORMATIOK OF THE STEM. 27 



Biems torn in certain defiDite directions. Thus the con- 
Tolvulus (fig. 43), passion-flower, and French bean, twine 
from right to left, that is, to a person supposed to be 
in the centre of the coil, and the stem passing across his 
chest from his right to his left j while the hop (fig. 44), 
honeysuckle, and black bryony, twine from left to right. 

Exogenous or Dicotyledonous Stem. — Some stems die 
annually, others continue permanent. In flowering 
plants there are two marked kinds of stems. One occurs 




Fig. 45. Pig. 46. 



in the trees of temperate climates generally, and is re- 
cognised on a transverse section by the appearance of 
numerous woody circles with rays passing from the pith 
to the bark which is separable. This is well seen in the 

Pig. 45. — ^Transverse section of the stem of an oak six years old 
— t.c, having six concentric woody circles ; cellnlar pith in the 
centre, sarroonded by spiral vessels, and woody layers consisting of 
woody tabes and porous or pitted vessels, layers of bark, both 
eeUnlar and fibrous, on the outside. 

Fig. 46. — Section of an Exogen during its first year of growth ; 
m ceUular pith, very large and occupying a considerable part of the 
stem ; t spiral vessels funning a layer round the pith ; r large cel- 
lular rays joining the pith and baik, which is represented cells 
on the dicumference. The woody and pitted vessels are placed b^ 
tween the pith and the baric, and are divided in ten wedges by 
the rmys. 
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common oak (fig. 45), where the pith in the centre is 
composed of cells; the circles of wood consist of 
fibrous vessels (fig. 4, p. 3), and dotted or pitted vessels 




Fig. 47. 

(fig. 7, p. 4) ; cellular rays extend from the pith to the 
bark — the latter being partly fibrous and partly cellular. 
A section of such a stem in the first year of growth 
exhibits the appearance presented in fig. 46, where m is 

Fig. 47. — Stem of a maple at the commencement of its second 
year of growth. A transverse or horizontal section ; B longitudinal 
or perpendicular section ; t spiral vessels round the pith ; vp porous 
or pitted vessels with large apertures ; w fibrous vessel of wood ; 
c layer of sap-wood between bark and heart- wood ; pc, pc, inner cell- 
ular portion of bark separated by fibrous vessels (bast) of the bark 
/; 8 outer cellular corky layer of bark. 
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the cellular pith, very large ; r large cellularrays proceed- 
ing from the pith and ending in the cellular hark, which 
forms the circumference. These rays divide the stem in 
the figure into ten wedges of woody and pitted vessels ; 
. while spiral vessels t occur round the pith. In the 
second year of growth a second set of vascular wedges 
is formed outside the first circle, and so on year after 




Fig. 48. 



year, the stem increasing in diameter hy circles of wood 
on the outside of those previously formed. The new 
wood is on the outside, the old wood within. Such 
trees are hence called Outward-growers or ExogenSy and 
they have their hard wood in the inside, their soft wood 
on the outside. The trees are all called Dicotyledonous 
because they have two seed-leaves or seed-lobes. (See 
under Embryo.) 

The structure of the different parts of such a stem 

Fig. 48. — ^Transveree section of a maple three years old— 1, 2, 
8, being the woody growth of each year, the layers of bark extend- 
ing from s to me. The pith is marker! m ; spiral vessels t ; porous, 
dotted, or pitted vessels v ; fibrous vessels/; layer of new wood c ; 
layer of new bark-cells mc ; inner fibres of bark I ; oeUular layer 
of baxk p ; outer ooiky bark «. 
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is represented in fig. 47, where ^ is a transverse section, 
and ^ is a longitudinal one, of the stem of a maple one 
year old. In these figures, t indicates the spiral vessels 
(fig. 11, p. 6) round the cellular pith; vp are pitted 
vessels (fig. 7, p. 4), showing large round apertures ; 
w fibrous vessels (fig. 4, p. 3) ; c a layer of new wood 
or alburnum next to the bark, which is composed of 
cells 8 and pc, and of fibres /. A stem of maple, three 
years old, is given in fig. 48. Taking the woody part 




Fig. 49. Fig. 50. Fig. 51. 



of the stem, we find that during the first year (1) there 
is the cellular pith m ; spiral vessels t ; porous, dotted, 
or pitted vessels u / and fibrous vessels/. In the second 
year (2) there are seen dotted vessels t?, and fibrous 
vessels /. So also in the third year (3). A layer of new 
wood below the bark is marked c. The outer bark, some- 
times of a corky nature, as in the cork-oak (fig. 54), 
is marked a ; and below it are different layers of bark, 
composed of fibrous vessels Z, and cells ; while, next 

Fig. 49. — Woody tubes of fir, with single rows of discs or 
bordered pits formed by depressions on the walls of the vessels. 
Fig. 60. — ^Woody tubes of fir, with double rows of discs or pits 
which are opposite to each other. Fig. ^61. — Woody tubes of 
Arawaria excelsa, with double and triple rows of bordered pits, 
which are alternate. 
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the newest wood, or sapwood, c, there is a cellular layer 
connected with the bark, marked mc. This cellular 
layer, c, is called cambiunif and consists of active cells 
which are concerned in the formation of new wood and 
bark. 

The woody tubes in cone-bearing trees, as fir, spruce, 
larch, cedar, cypress, and Araucaria, exhibit markings 




Fig. 62. 

called discs or punctations, which appear in the form 
of a circle and a dot in the centre. These so-called 
punctations are formed by depressions on the walls of the 
vessels, and are called bordered pits. Sometimes these 
bordered pits are in single rows, as in fig. 49 ; in others 
they are in double or triple rows, as in figs. 50 and 51. 
When the rows are more than one, they are arranged in 
parallel series, the bordered pits being either opposite to 
Pig. 52. — Araticaria (Eutassa) excelsa, Norfolk Island pine. 



32 STRUCTURE AND CONFORMATION OF THE STEM. 

each other, as in Firs (fig. 50), or alternate with each 
other, as in Araucaria and !N'orfolk Island Pine (fig. 51). 
The latter plant is represented in fig. 52, and is interest- 
ing on account of the markings in its wood, as well as 
from the fact that plants allied to it have heen found in 
Britain in a fossil state — for instance, at Craigleith 
and Granton quarries near Edinburgh. 

From the mode of growth in exogenous trees, it is 
obvious that we can ascertain the age of the tree by 
counting the number of woody circles or zones. Thus 
in fig. 45, p. 27, the oak is six years old. This calcula- 
tion can be made with tolerable correctness in trees of 
temperate and cold climates, where during the winter 
there is a marked interruption to growth, and thus a 
line of demarcation is formed between the circles. In 
trees of warm climates this mode of estimating age may 
lead to error, for it would appear that in them there 
is often the appearance of two or more circles in one 
year. Even in the trees of this country, when full- 
grown, it is found that the different circles are so blended 
as to make it difficult to count them accurately. 

The wood in the centre of exogens is often altered 
in colour by variously-coloured woody matter being 
deposited in the tubes. Thus the heart- wood {duramen) 
of the ebony-tree is black, and that of the oak deep 
brown, while that of the outer soft wood {alburnum) is 
pale. The latter is the part in which the active pro- 
cesses of life go on ; and hence, if it is destroyed, the 
plant dies. A woody plant, such as honeysuckle, and 
some Bauhinias of foreign countries, twining round the 
stems of such trees, cause strangulation, in consequence 
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of the mode of their growth by external additions ; 
and in process' of time, if the woody climber is suffi- 
ciently strong, and does not break or yield, the vessels 
of the soft wood or sap-wood are impeded in their 
growth, and the tree will ultimately be destroyed. In 
fig. 63, a twining plant, called the hish-rope in the 
West Indies, is seen causing contractions of the stem. 




Fig. 63. Fig. 64. 



Sometimes grooved sticks are formed in the same way 
in Britain, by the twining of the honoysucklo round 
neighbouring trees. 

The size attained by the stems of many exogons, 
both as regards height and diameter, is sometimes very 
great. Trees belonging to the cone-bearing tribe attain 

Fig. 53. — The effects of a twiniug plant on an exogenous stem. 
The Bush-rope, a climbing-plant, twining round the stem of an 
Exogen, and causing strangulation. 

Fig. 54. — Cork-oak {Qiiercus Sober), a dicotyledonous tree of the 
warmer temperate zone. Its outer layer of bark supjilies cork. 

1> 
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heights varying from 100 to 200 feet. The oak some- 
times attains the height of 120 feet ; and forest trees 
on the Continent and in America are met with 160 
feet high. The celebrated mammoth pine of Oregon 
{Sequoia {WelUngtmia) gigantea) has been seen 460 
feet high. Some cedars of Lebanon have a girth of 
40 feet, chestnuts occasionally attain to 60 feet, the 
baobab tree of Senegal has been measured 90 feet in 




Fig. 66. 



circumference (fig. 56), and the Wellingtonia nearly 
120 feet. 

Exogenous trees give a character to the landscape 
of the countries in which they abound. They have 
large trunks, which produce numerous branches, 
spreading in all directions. The trunk tapers as it 
ascends, and the branches become thinner towards their 
extremities. The mode in which the branches spread, 
and their comparative lengths, give rise to diflferencea 

Fig. 55. — Buobab-tree (Adansonia digitata) of Western Africa, 
haying a stem 90 feet in circumference. 
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in the contour of exogenous trees. When the lower 
branches are largest, and the others gradually dimmish 
in length upwards, the trees are more or less pyramidal, 
as in the Douglas pine (Abiee Doufjltisi!) ; when the 
reverse takes place, they have an umbrella-like top, as 
in the Stone pine (Pinus pinea). The poplar furnishes 




Fig. 60. 



an example of a tree whose branches come off at acute 
angles with the trunk. The cedar of Lebanon (fig. 56) 
will servo as an illustration of an exogenous tree with 
branches spreading at right angles to the truuk. 



Fig. 56. — The Cedar of Lebanon {Ceilrua Libani)^ an exogenouB 
tree, with a thick trunk and spreading branches. 
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QUESTIONS. 

1. Describe the stem or ascending axis. 

2. Are stems always erect ? 

3. What is the essential character of a stem ? 

4. Describe the stem of the Iris. 

5. What kind of stem has the ginger plant ? 

6. Describe the stem of asparagus. 

7. To what part of the plant is the edible potato referred ? 

8. What is meant by the eyes of the potato ? 

9. Describe a bulb as seen in the lily and the onion. 

10. What is meant by the cloves of an onion ? 

1 1 . What is meant by a rhizome or root-stock ? Give 
an example. 

12. What is meant by a corm ? Give an example. 

13. Describe the formation of buds in the crocus and in 
the meadow-saflfron. 

14. How do stems twine ? Give examples of different 
kinds of twining. 

15. What is meant by annual stems ? 

1 6. What is meant by the term exogenous ? 

17. Mention the parts of an exogenous stem proceeding 
from the centre to the circumference. 

18. Give the structure of the different parts of an exo- 
genous stem. 

19. Give another name for exogens. 

20. Mention a peculiarity in the wood of the fir-tree 
and of the Araucaria. 

21. How is the age of an exogen determined ? 

22. What is meant by the duramen and the alburnum 
of an exogenous tree ? 

23. What part of the ebony-tree is used for furniture ? 

24. Describe the effect of a twining woody plant, such 
as the honeysuckle, on the stem of an exogen. 

25. Mention some exogens remarkable for the height 
and diameter of their stems. 

26. In what manner do branches spread in the poplar, 
and in the cedar of Lebanon ? 
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Endogenous or Monocotyledonous Stem, — Another 
marked type of stem occurs in some herbaceous plants, 
such as lilies and grasses, and is well seen in palms, dra- 
csenas, and trees of warm climates. In palms the increase 
of growth is by additions of woody and pitted vessels 
towards the centre. The stem is at first entirely 
cellular, but in the progress of growth bundles of 
vessels are formed among the colls. These gradually 
increase and distend the stem to a certain amount the 
first year. Next year new bundles are produced inside 




the last, which increase the diameter still more, until at 
length, by successive additions, the stem is distended to 
the ntmosL The outer portion becomes liard, so as 
sometimes to resist the blow of a hatchet, while the 
inner part is comparatively soft. This mode of growth 
Fag. 57- — Tr*r.iTers* se»r::oL of z jaJsl-vUt:-'., tV^wii,^ toA^^ 
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has given rise to the name of Inward-growers or 
EndogenSy applied to plants having stems of this kind. 
The plants are also called monocotyledonous hecause 
they have only one seed-leaf or seed-lobe. On 
making a transverse section of a palm-stem, the 
appearance presented is seen in fig. 67. There is no 
distinct pith, no concentric circles, no rays, no separable 
bark. The outer part representing the bark is hard, 
and is incorporated with the fibrous tissue below. The 
interior consists of cells m, in which bundles of vessels 
/, are disposed irregularly. In tracing the vessels /«;, 
in the vertical section of a palm (fig. 58), it is found 
that they follow a curved course, and interlace with 
each other. Palms have straight trunks of nearly equal 
diameter throughout, bearing a cluster of leaves at 
the summit. This character is seen in 
figs. 60 and 61. They rarely branch, 
and grow chiefly in height, not much 
in diameter. The age of a palm may 
be estimated by measuring its height, for 
it is found that the growth in an upward 
direction is nearly uniform in each species. 
From the small increase in diameter, and 
the hardness of the exterior, a twining 
woody plant does not injure a palm-stem. 
In fig. 59 is seen a palm-stem with a 
woody bauhinia twisting round it, without 
affecting its growth. When the tuft of 
Fig. 69. leaves at the summit of a palm is com- 

Pig. 69. — A Bauhinia, or woody climber, twining round the 
/item of an endogen (Palm) and not causing any strangulation. 
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pletely destroyed, the plant dies, because there is no 
provision for lateral buds, as in the trees of Britain. 

Palms give a marked and distinctive character to 
the vegetation of tropical regions, and their umbrageous 
foliage, particularly in the case of those with fan-shaped 
leaves, aflFords an excellent shelter from the sun's rays. 




Fig. 01. 



In figs. 60 and 61 are represented the Talipot palia of 
the East Indies, and the Date palm of Egypt. In 
them we remark the erect growth, the bare unbranched 
stem of nearly uniform diameter throughout, and the 

Fig. 60. — Corypha vmibracuUfera, the Talipot palm. It has 
large fan-shaped leaves. Its clusters of flowers proceed in an erect 
manner from the suniniit of the stem. 

Pig. 61. — Phcenix dactyliferUf the Date palm, the Tamar of 
Scripture. Its leaves are compound and pinnate. The leaves ar^ 
often called branclies in ordinary language.. 
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crown of leaves at the summit, from which the flowering 

stems and fruit proceed. 

Acrogenous or Acoty- 
ledonous Stem. — Another 
conspicuous permanent 
stem is that which occurs 
in ferns, especially in the 
tree-ferns of New Zealand, 
and of tropical countries 
(fig. 62). In these plants 
the stem is uniform in its 
diameter, hollow, and 
marked on the outside hy 
the scars of the leaves 
:. 63). It is often called 
a Stipe, 

The vascular bundles 
are formed simultaneously, 
and not progressively, as in 
the stems already noticed ; 
and additions are made in 
an upward direction. The 
stem is formed by additions 
to the summit and by the 
elongation of vessels al- 
ready formed ; and hence 
the plants arfe called 
Summit-growers or Acro- 
pjg g2. i7<^^^^- ^^0^ summit 

Fig. 62. — East Indian Tree-fern (Alsophila perrotetiana). It 
has an acrogenous stem. The stem or stipe is nnbranched. To- 
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of the stem are producod ulegaiit* clustors of featbory 
leaves. There is a continuous woody cylinder in the 
fern-stem. The vascular bundles unite and sepa- 
rate so as to form meshes ; vessels 4)ass from those 
bundles to the fronds, and also into abnormal roots, 
which are often produced abundantly on the outside 
of the stipe (fig. 62, m). On making a transverse 




Fig. «3. Vijg. (A. 



section of such a stem, the appearances seen are repre- 
sented in fig. 6i, where e is the outer portion, marked 
by the scars of fallen heaves, / v bundles of vessels 
forming an irregular cylinder, dark outride, i)ale in the 

wards the base ra tLvn* is au obvious eulargenjeijt caused hy a 
naiutAer of advent:*.: ,'us or aerial r>A^ wLich <'vver the «teju, and 
are applied cJostly Vj it. 

Fig. — Svea: of a trte-fvm. It :* &ci^^*riiou* or incj^as^^ at 
tlie t?p. Tb*- ^'^"■^f'^rzz. ill cji':.*f\Afr, u-avkeri by Ncai> of 

fallen leaves f. 

i'lg. 61. TrfJLfverse sw.-.ivi: of t'-t tt*-!:: of a tree-f^rrr, sLowiag 
tite ot-Hul-J" i^-'ni.'ii* i\, tl.t irj^r^ulo" buii^ii** of Ttttfel^ f'>raui^g 
the vaubcslar vyliitixr/ ajud ta«fc ou3«r yj'fuoiii €. 
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centre, p outer layer of cellular tissue, m central cells, 
which are usually absorbed so as to leave a cavity. In 
the common brake or bracken of our pastures, the lower 
part of the stem, when cut, exhibits bundles of vessels 
which have the form of an oak or of a double spread- 
eagle. Fern stems occasionally divide dichotomously by 
the formation of two buds at their growing point. Ferns 
characterise mild and moist climates, and they give a 
peculiar feature to the landscape of New Zealand. At 
former epochs of the earth's history, they appear to 
have constituted a large part of its vegetation. 

"We have thus seen the structure of the three 
marked forms of permanent woody stems which are 
met with in the vegetable world : — 1. Exogenous or 
Outward-growers (Dicotyledons), consisting of pith, 
concentric circles of wood, which increase by additions 
on the outside, separable bark, and rays connecting 
pith and bark; exemplified in the forest trees of 
Britain. 2. Endogenous or Inward-growers (Mono- 
cotyledons), consisting of a mass of cellular tissue with 
bundles of woody and other vessels scattered irregularly 
through the tissue, increasing by additions inside; 
exemplified in palms. ^. Acrogenous or Summit- 
growers (Acotyledons), formed by simultaneous vascular 
bundles which increase in an upward direction, additions 
being thus made to the summit, bundles of vessels 
irregular ; exemplified in tree-ferns. 

QUESTIONS. 

1. Describe the structure of an endogenous stem, and 
^ve an example. 

2. Why are some plants called Endogens ? 
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3. Give another name for EIndogen«. 

4. Which is the hanlest ^xirt of the stem of a ]vilm f 

6. In what respect does an emU^^nous iHtfor fnnu an 
exogenons tree as reganls structuro and ;isjHH:t f 

6. CJontrast the effect proiluml by a wimhIv twinor on 
an Exogen and on an Endogcn, and oxphiin tlio caum' of 
the difference. 

7. Describe the structure of an acn>gonoiia utoni, and 
give an example. 

8. Why is a stem called acrogonous I 

9. Give another name for AcrogonH. 

10. What is meant by the term Stipe '? 

11. Contrast an endogenous and uorogonoUH nivm iw 
regards structure and appearance. 

Buds and Branches. — Stonis produoo ])udH, whicih 
are developed as loaves or as branclios IxMiring Iohvp-m. 
Bads may thus be regarded as Hhorioncjd leaf- " 
l)earing axes, capable of elongation ho iih U) f/ H 
form stems and branches. Sonio hudn are 
tenninal (fig. 65, a), or are prodtu^id at tlin \ [ 
extremity of the primary axlH. ODuiT hwU hJjK 
are lateral, or are producf;d at th(; nhhtH tff 
the axis (fig. 65, h), KxogenoiiM Hi**Mm Imvo 
the power of forming V>th lat^^ral and Umu\m\ 
bnds, and if the t^mriinal brjd m d«;Ktroy<!'l^/;^. 
the fdnctionx of the pknt af? t-Arritu] *m 
by lateral bo'l^f, m iu yAUrl U^'A^.. \u \tsihf0^ 
and tree-fenw, th/r l/U'bi ar*? UinnttPi], ^lA \u iU^itr ^* 
ease whtu th*; X//y of thft U ';tjt oit iUt i^UtM 
periffb. In *^ *Ci^4u Si^A 11*0 \u \t\)HM 

of ijuh UfTtuiiAl V'A, z:A xL*-. ^^st 'Yiti'UfK * 
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forking (dicliotomous) manner, as seen in the Doom 
Palm of Egypt. Buds are often protected by coarse 
leaves or scales (fig. 65, a) whicli are arranged spirally, 
and are occasionally covered with resinous or gummy 
matter for protection. Branches are connected with 
the centre of the woody stem. They occur especially 
in Exogens, and they have the same structure as the 
stems whence they proceed. Branches are arranged on 
the stem in a spiral manner, and follow the same law 
of spiral symmetry as will be noticed in the case of 
leaves. Branches spread out at different angles with 
the axis, and thus give rise to marked characters in the 
contour of trees. 

Owing to various causes, it is rare to find all the 
buds properly developed. Many lie dormant, and do 




Fig. 66. Fig. 67. 



Fig. 66. — Brauch of the sloe (Prumis spinosd)^ producing spines or 
thorns, which are abortive branches, as shown by their bearing leaves. 

Fig. 67. — Rose branch, showing aculei or prickles, which are 
hardened hairs. 
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not make their appearance as branches unless some 
injury has been done to the plant ; others are altered 
into thorns (figs. 1 and G6) ; others, after increasing to 
a certain extent, die and leave knots in the stem. That 
thorns are, in reality, undeveloped branches, is shown 
by the fact that they are connected with the centre of the 
stem, that they bear leaves in certain circumstances (fig. 
66), and that under cultivation they often become true 
branches. Many plants are thorny in their wild state, 
which are not so under cultivation, owing to this trans- 
formation. Thorns, as seen in the hawthorn, differ 
totally from prickles, as seen in the rose. The latter 
are merely connected with the surface of the plant, and 
are considered as an altered condition of the hairs, 
which become hardened in their structure (fig. 67). 

QUESTIONS. 

1. What are buds, and what positions do they occupy 
on the stem ? 

2. How do Exogens and Endogens differ as regards the 
production of buds ? 

3. How are buds protected ? 

4. What connection have buds with the stem ? 

5. When palm-stems or fern-stems divide, what is the 
usual mode of division ? 

6. What are thorns ? How do they differ from prickles ? 

7. What are knots in trees, and how are they produced ? 

Functions and Uses of the Stem, — ^The use of the 
stem is to support the leaves and flowers, and to 
expose them to air and light. The general form 
of stems is fitted to secure stability, and it is said 
that the bole of an oak suggested to Mr. Smeaton 
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the form best suited for the construction of the 
Eddystone Lighthouse. The sap circulates in the 
vessels and cells of the stem as well as in the canals 
between them. In its upward course, it passes chiefly 
through the internal parts, being moved onwards by 




Fig. 68, 



the force of imbibition, by capillary attraction, and by the 
action of the leaves. When it has reached the leaves 
and has undergone certain changes, it returns towards the 
bark in its downward course. The course in exogens 
is indicated in fig. 68. The sap enters b^ the cells of 
the roots a a, ascends through the central parts of the 

Fig. 68. — Figure intended to represent the upward and down- 
ward course of the sap in exogens. a a the roots, 6 b vessels, cells, 
and intercellular canals of the stem, c c leaf-stalk and leaves, d d 
bark, e section of a branch. The direction of the arrows shows the: 
course of the sap. 
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stem ( b, reaches the leavois c t\ and x>»tuni$ by tht> Ivwrk 
d The airows ar? plaeeil to jKniit out thi* e\niWKV 
The fi>ice with which the sap adceuiU \'\>ry ^nvit. It 
has also been observed that tiuids jvasd fr\nu one etvU 
or yessel to another, throngli the nunubraiu^ vrluoli 
forms their walls, by what is called t^mtw. Constant 
movements of the fluids are thus going on in plai^tti. 

Various are the uses to which the woody attmw of 
trees are applied. The heart-wood of exogens ia niort) 
durable than the outer or sap-wood, and id less liable 
to attacks from dry-rot, which is caused by the growth 
of a peculiar kind of mould. The outtir bark often 
becomes very thick, and in the cork-oak (llg. ft l, p. 
it supplies the important subritancu (uilhul cork, 'i'lie 
inner bark is fibrous, and is UHud to furiiiHli ropoH and 
mats. Kussian mats are procurtul froiu tho iiUMn* ))ark 
(the hast) of the lime-tree (7V//V^ Kurnjxrti). ( 'iiba liuat 
is obtained from the bark of l^arUium /i/lurrum. Tliti 
inner bark of the loce-bark trtie exliihit** 
meshes, like lace (fig. 09). Hemp and i\ax 
are the produce of tlie out<jr coveriug which 
corresponds to the bark. A kln^l of hemp in 
India is procured from the inn^^r bark of a 
species of IlU/utcwf, Many of tlM* imsiiU inUi 
also yield fibni« from tlw \mk, Tlie liliJ&ea 
plant of Indisi {JMati/:r)/i idvtui) yixrWij ftbie« utie^l in 
mannia<iufeg. Tlie <ymniou h'^lJyh'^'^k, sauni 'A\iMr 
plants of the Jtuuillow InU, ako supply fibje«. 11*^ 
ms^x bark *d Xti-M^ i^s^A lu ^jiu^^ tjmiU'utDi t'/r 




48 STRUCTURE OF LEAVES. 

manuscripts, and hence the name of liber (a book) 
applied to it 

QUESTIONS. 

1. What is the use of the stem, and what functions 
does it perform ? 

2. Describe the circulation of the sap in an ordinary 
exogenous tree. 

3. What forces operate in causing the movement of the 
sap ? 

4. What is meant by osmose ? 

5. Mention some of the useful products furnished by 
the stems of trees. 

IV. — On the Structure, Arrangement, Conforma- 
tion, AND Functions op Leaves. 

Structure of Leaves, — Leaves exhibit an arrange- 
ment of cells and vessels, as seen in fig. 70, where the 




Fig. 70. 



dark lines indicate the vessels or veins of the leaf, and 

Fig. 70. — Reticulated leaf of the white dead nettle (Lamium 
album), showing the distribution of the veins, or what is called 
venation. The edges of the leaf are serrate — i.e. cut like the teeth 
of a saw. 
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the intennediate spaces the cellular parts of iL On 
making a itoctiim of a l«^af from tho up{>or to the under 
surface, and examining it under the micnv!k:o{x>, wc se« 
the texture more clearly. Tliis is delineated in tig. 
71. The skin or integument of leaves consists usually 
of two layers — a thin one on the outside (cuticle), and 
another immediately below it (epidermis). Tliose two 
layers are not always easily distinguishable. In leaves 
growing under water, the cuticle alone can be detected. 




Fig. 71. 



The integument or skin, on the upper side of the leaf, 
is marked a in fig. 71, that on the lower side of the leaf 
is marked g. Between these are cells, h /, and vessels, «. 
The cells at the upper side, b, are placed close together, 
with occasional air-cavities, c ; those of the lower side, 

Fig. 71. — Section of the leaf of a melon, perpendicnlarly to iU 
surface ; a np]>er integnmeiit or upper nkin ; g lower interment or 
lower akin ; b cells of upper i»art of leaf ; / cell« of lower j^art of 
leaf ; e bundles of vetuiek ; d air cavitieH ; c cavity below a fttorna ; 
i a stoma ; h a hair. 

£ 
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/, are more loose, and have numerous air-spaces, d. The 
bundles of vessels forming the veins are marked e, 
while h indicates hairs projecting from the surface, and 
i an opening (stoma) through the skin into the cavity 
below. When leaves are left for a long time to 
macerate in water, the cellular part is destroyed, and 




Pig. 72. Pig. 73. 



the veins or vascular parts are left, forming the skeleton. 
Leaves which have lain in ditches during the winter 
often exhibit a beautiful network of veins. In India 

Fig, 72. — Leaf of cherry, showing distribution of veins in the 
lamina or blade. 1 midrib ; 2 primary veins, given off from the 
midrib ; 3 secondary veins ; p petiole or leaf -stalk ; 8 stipules. 

Fig. 73. — Palm-leaf, showing parallel venation, the veins not 
being reticulated. 

Fig. 74. — Stem of bulbiferous Lily (LiUim lutbiferum), showing 
bulbils or bulblets 6, produced in the axils of the leaves, which 
exhibit parallel venation. 
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and China, skeleton leaves are made from the leaf of a 
kind of fig, called the Feepul tree (Ficus religioaa). 
Skeleton leaves may be prepared by maceration in rain- 
water for six or eight weeks, or more, in a warm place, 
freely exposed to the air. When nearly ready, carefully 
add a small quantity of muriatic acid, and finally pick 
out with care, by means of a needle, the cellular parts 
not rotted away. The whole may be bleached with 
chloride of lime, or simple chlorine, or the fumes of 
sulphur. By boiling leaves for a few minutes in a 
solution of caustic potash, the process is much expe- 



Venation. — ^As regards the distribution of veins in 
leaves (venation), flowering plants may be divided into 



two classes: those having reticulated leaves, or ex- 
hibiting an angular network of vessels, as in fig. 72, 
which represents the leaves of the ordinary trees of this 

Fig. 76. — Spiny leaf of Holly (Hex AguifoHtm). The spines 
are formed by the hardened extremities of the veins proceeding 
from the midrib to the margin. 

Fig. 76.— Spiny leaf of the Barberry. 



dited. 




Fig. 76. 



Fig. 70. 
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country ; and those having no proper network, but a 
set of parallel or diverging veins running from the base 
to the extremity, as in grasses, lilies (fig. 74), and 
palms (fig. 73), or from the midrib to the margin, as 
in Bananas (fig. 13, p. 7), and Indian-shot. The first 
kind of leaf occurs in exogenous plants, the second in 
endogenous plants. This constitutes another means of 
discrimination between these two great classes of plants, 
and is one which can be easily detected by the student. 
In^the case of some acrogens, as ferns, the veins are 
forked. In cellular plants, as seaweeds, there is no 
vascular venation, but veins are sometimes formed by 
condensed cells. 




Fig. 77. 



The primary veins may proceed from the midrib to 
the margin (fig. 72), or they may radiate from a point 

Fig. 77. — Stomata st^ or openings in the epidermis or skin of 
the leaf of Balsam. There are five of these represented in the 
figure, placed at regular intervals. They are concerned in the 
exhalation and absorption of fluids. 



STRUCTURE OF LEAVES. 



53 



(fig. 99, p. 62). In the former case, the veins either 
go completely to the margin, or end within it in a 
curved manner. 

Sometimes the veins of loaves become hardened at 
their extremities, and project in the form of thorns, as 
seen in the holly (fig. 75), and the barberry (fig. 76). 
The same remark may be made in regard to them as has 
been applied to other thorns. They are produced by 
an arrestment in the development of the cellular part 
of the leaf, and a change in the structure of the veins. 
In the case' of the holly, we see that in certain cir- 
cumstances it produces spineless leaves, in consequence 
of the cellular tissue filling up the spaces between the 
veins, even to the very edge. 

Stomaia and Hairs. — ^The surface of leaves presents 
certain pores or openings called stomata (fig. 77, st; 
and fig. 71, i, p. 49). The cells surrounding these 
pores are so constructed that in dry weather they col- 
lapse, and close the opening ; while in moist weather 
they have a crescentic margin, by which they open the 
orifice. They are connected with the passage of air and 
fluids to and from the leaf In fig. 77 they are seen 
scattered over the surface at regular intervals. They 
are easily observed in a very thin piece of the skin of 
the leaf of a hyacinth or lily placed under the micro- 
scope. They vary much in form and appearance in 
diflferent plants. On the surface of leaves hairs are 
often produced (tig. 71, h, p. 49). They are formed from 
the cells of the skin or epidermis, and they are com- 
posed either of single cells (fig. 78), or of several cells 
united (figs 79 and 80). Sometimes hairs become 
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forked (fig. 81), or variously divided at the apex (fig. 





/ 

Pig. 78. Fig. 79. Fig. 80. Fig. 81. 

82 a) ; while at other times they assume a star-like 
form (fig. 82 h\ or they unite to form scales (fig. 83). 




Fig. 82. 




Fig. 83. 



At the upper or lower extremities of hairs we meet in 

Fig. 78. — Hair of common Cabbage. It is composed of a single 
elongated conical cell. 

Fig. 79. — Hair of Marvel of Peru (MirabUis Jalapa), It is 
necklace-like (moniliform), being composed of separate cells with 
contractions. 

Fig. 80. — Sting of Nettle. Its base is formed of numerous cells 
containing an irritating fluid. It is called a glandular hair. 

Fig. 81. — Forked or bifurcated unicellular hair of Draba or 
Whitlow-grass, one of the Cruciferous plants. 

Fig. 82. — a, Hair of Alyssum, dividing at the top into rays in a 
forking manner ; star-like hairs. 

Fig. 83. —Radiating hair or scale of the Oleaster (Elaeagnus). 
Such, scaly hairs frequently give out waxy and other secretions. 
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some instances with cells containing peculiar secretions, 
as in the case of the Chinese primrose, the sundew (fig. 
121, p. 74), and the nettle. The glandular hairs of the 
nettle are called stings (fig. 80). 

Leaf-arrangement, — ^The mode in which leaves are 
arranged on the stem deserves notice. They are either 
placed opposite to each other, as seen in fig. 84, or al- 
ternate with each other, as in figs. 85 and 86. When 
leaves are opposite, we frequently find that the different 
pairs cross each other at right angles. Thus in fig. 84 



the two leaves at the base are placed to the front and 
back, the next two right and left, and so on. When 

Fig. 84. — Opposite leaves on a stem ; each pair is placed at 
right angles to that next it, thus following a law of alternation. 
In this case they are said to be decussate. 

Fig. 85. — Alternate leaves. The sixth is placed directly above 
the first, and the fraction expressing the arrangement is | — viz. 
two turns round the stem and five leaves. 




Pig. 84. 



Fig. 85. 
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several occur at the same level, they become whorled 
(verticillate, fig. 86), and then the leaves of the separate 
whorls alternate with each other. There is thus seen a 
law of alternation. The £iltemate position of leaves 
seems to be connected with the formation of the woody 
matter of the stem, and with their free exposure to. air 
and light. The law of alternation is distinctly visible 
in the case of single leaves produced at each point of 
the stem. In fig. 85 there are six leaves arranged at 
dilferent heights on the stem, and it will be seen that the 
sixth leaf is directly above the first, and the same arrange- 
ment is seen in fig. 87, where the leaves are numbered 




Fig. 87. 



in succession 1, 2, 3, 4, 5, 6. Commencing with the 
lowest leaf in these figures, and proceeding regularly 

Fig. 86. — ^Acute leaves of Rose-bay (Nerium Oleander) arranged 
in a verticil or whorl of three in the young state. 

Fig. 87. — Alternate leaves, arranged in the same way as in fig. 
86, the fi-action expressing the arrangement being f . The sixth 
leaf is directly above the first, and there are five leaves in the cycle. 
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through all the leaves until we reach the one directly 
above the first, we follow a spiral direction, make two 
complete turns round the stem, and meet with five leaves. 
This arrangement is expressed by the fraction ^. This 
means that there are five vertical rows of leaves, and that 
in passing from any one leaf to that directly above it, 
we make two turns round the stem, and meet with five 
leaves. In figs. 88 and 89 it is shown that in the case 




Pig. 8S, Fig. 89. 



of alternate leaves perpendicular lines may be drawn 
through the leaves placed directly over each other, and 
the number of these lines indicates the number of leaves 
in each spiral cycle, or the number of leaves between 
any leaf on the stem and that directly above it. In 
both these figures it will be seen that the number of 
these lines is seveji, and this, therefore, is the number 
of leaves in each cycle. But it will also be noticed 

Figs. 88 and 89. — Diagrams to illustrate the arrangement of the 
leaves on the stem. In each figure the cycle consists of seven 
leaves. In 88 the divergence between every two leaves is ^ of a 
circle, or f of 360*'=164f. In 89 the divergence between every 
two leaves is f of 360*= 61 f. 
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that the number of turns made round the stem in com- 
pleting the cycle is different. Thus in fig. 88, com- 
mencing with leaf No. 1 we reach leaf No. 8, or that 
directly above 1, after making three turns round the 
stem and the fraction indicating this is f ; whereas 
in fig. 89 we reach No. 8 after one turn, and the frac- 
tion therefore is -f* These fractions mark the angular 
divergence between any two leaves of the cycle, as repre- 
sented in the divided circles at the upper part of the 
stems. In fig. 88, between 1 and 2 the angular diver- 
gence is obviously while in fig. 89 it is -f of the 
circle. 

There is thus a spiral coil, consisting of a certain 
number of leaves — the cycle being determined by the 
leaf directly above that from which we start. The num- 
ber of leaves in a cycle often varies according to the 
series, 1, 2, 3, 5, 8, 13, 21, 34, 55, etc., where it will be 
seen that each successive number is made up of the 
two preceding. It is also observed that in passing 
through the leaves forming the cycle, the number of 
turns which the spiral takes varies according to the same 
series of numbers. The fraction expressing their ar- 
rangement necessarily indicates the angle of divergence 
between any two leaves of the cycle — ^the divergence or 
horizontal separation of two leaves being measured by 
the arc of a circle (fig. 90, h) corresponding to an angle 
of which the summit is in the centre of the branch (fig. 
90, a). Thus we arrive at a series of fractions, |-, 
f , A, A, if, TT, and so on. 

In what is called the one-half arrangement the leaves 
are in two rows, and the third leaf is the one directly 

f 
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above the first. In the one-third or two-tliirds arrange- 
ment there are throe rows, and the fourth leaf is directly 
above the first. In the two-fifths series there are five 
vertical rows of leaves, and the sixth is directly above 




Fig. 91. 



the first. The following figures will show the five- 
rowed arrangement : — 
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We thus perceive that a series of vertical linos may bo 
drawn, passing through loaves which are placed directly 

Fig. 90. — a Indicates the angle of divergence between two 
leaves, and h the arc of the circle which measures it. 

Fig. 91. — Diagram of leaves of the House-leek {Sempervimm 
tectorum)t showing a cycle of thirteen leaves, indicated by the 
fraction The observer is supposed to be looking downwards 
on the top of the rosette. There is a short axis A bearing the 
leaves. On this axis there have been described five revolutions of 
the spire, and the origin of each of the thirteen leaves is indicated. 
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over each other (figs. 88 and 89). If we can count 
five vertical rows, then we refer the arrangement to •§- ; 
if 8, to f ; and if 13, to ; and so on. When leaves 
are very crowded, the vertical ranks are not so evident 
as two or more rows of oblique or secondary spirals, 
which are seen winding in opposite directions. Still 
there is the same spiral arrangement of the leaves, as 
shown in fig. 91, where the crowded leaves of the 
house-leek are numbered according to their position. 
Similar spiral arrangements are seen in the scales of the 
fir-cone, which are looked upon as modified leaves. 
Vernation. — The arrangement of the leaves in the 




Fig. 92. Fig. 93. Fig. 94. Fig. 95. Fig. 96. 

leaf bud is called vernation, and it furnishes important 
characters. Individual leaves in a bud may be folded 
from their midrib, as in fig. 92 (see oak-leaf), or rolled 
outwards (common dock), or inwards at their margins 
(fig. 93, see water-lily), or from top to bottom, as in 

Fig. 92. — Two sides of the leaf folded on each other (condupli- 
cate). 

Fig. 93. — Edges of the leaf rolled inwards (involute) ; when 
rolled in the same way outwards they are revolute. 

Fig. 94. — Leaf folded like a fan (plaited, plicate). 

Fig. 96. — Leaves in a leaf-bud folded, and their edges applied 
to each other in a decussate manner (accumbent). 

Fig. 96. — Leaves in a leaf-bud folded, and overlapping each 
otlier (equitant). 
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ferns, or they may be folded like a fan, as in the Lady's 
mantle and in the vine (fig. 94). The leaves in the bud, 
taken collectively, may be applied to eacli other at their 
edges, or they may overlap in various ways (figs. 95 
lilac, and 96 Iris). 

QUESTIONS. 

1. Describe the structure of an ordinary leaf from the 
upper to the under surface. 

2. Describe the integument of leaves. 

3 . What is meant by venation ? 

4. Divide leaves according to their venation. 

5. How are spines in leaves formed ? Give an example. 

6. Describe stomata. 

7. What is the structure of hairs ? 

8. What is meant by glandular hairs ? Give examples. 

9. What is meant by star-like hairs ? How are they 
formed ? 

10. What is meant by epidermal scales ? Explain 
their formation. 

11. Mention a peculiarity in the hairs of the leaves of 
the nettle. 

12. Describe the mode in which leaves are arranged 
upon the stem. 

13. What is meant by opposite and alternate leaves ? 

14. What is meant by whorled (verticillate) leaves ? 

1 5. What is meant by decussate leaves ? 

16. Mention the series of numbers exhibited in some 
of the leaf-arrangements. 

17. Explain the meaning of the fractions J, f, and J, 
applied to the leaf-arrangement. 

18. Explain the term vernation. 

19. Describe some of the modes in which the leaves 
are folded in the bud, and give examples. 
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Conforrmtion of Leaves. — ^The leaf consists of the 




Pig. 99. Fig. 98. 



blade or lamina, and the leaf-stalk or petiole (fig. 72, 

Fig. 97. — Simple oblong entire leaf of a species of Senna. The 
apex is obtuse or bluAt, and the base is onequaL 

Fig. 98. — Simple runcinate leaf of Dandelion (Leontodon Tarax- 
acum). It is a pinnatifid leaf, with the divisions pointing towards 
the petiole. 

Fig. 99. — Simple leaf of castoi>oil plant {Ricinus conmunis). 
It is palmately cleft, and exhibits seven lobes at the margin. The 
petiole or leaf-stalk is inserted a little above the base, and hence 
the leaf is called peltate or shield-like. 
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p. 50). When there is no stalk, the leaf is called sessile 
(fig. 7 4, p. 50). The leaf-stalk is usually rounded ; but 
sometimes it is flattened, or forms a sheath round the 
stem. At the base of the leaf there are occasionally 
leaflets attached laterally, and called stipules (figs. 72 
and 100, s). The presence or absence of these leaflets 




furnishes useful characters. Leaves are usually arranged 
under the heads of simple and compound ; the former 
having a blade composed of one piece either perfectly 
entire or divided in various ways, and having no joint 

Fig. 100. — Compound impari-pinnate (unequaUy pinnate) leaf 
of Bobinia. Tliere are nine pairs of shortly-stalked leaflets (foliola, 
pinnce ), and an odd one at the extremity. At the base of the leaf 
stipules 8 are seen. 
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beyond the points where the leaves are united to the 
stem (figs. 97, 98, 99); the latter having a 'blade 
divided into separate parts or leaflets, which are united 
by joints to the petiole or leaf-stalk (figs. 100, 109). 




Pig. 103. 



The form of leaves depends upon the mode in which 
the ribs and veins are distributed and the margins are 
divided. When a leaf or leaflet has no divisions on 

Pig. 101.— Margin of leaf, toothed (dentate). 

Fig. 102. — Leaf of Ground-ivy (N&peUt Glechoma), having a 
kidney-like form, and hence called renifonn. Its mai^gin is crenate. 
The venation is radiating. 

Fig. 103. — Pinnately-partite leaf of a kind of Poppy. The 
segments of the leaf are pinnately-cleft. 

Fig. 104. — Lanceolate leaf of willow, narrow and tapering to 
each end. 
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its margin, it is called entire (fig. 97) ; when the margin 
presents small acute projections, the leaf is toothed 
(fig. 101) ; when these projections are arranged like the 
teeth of a saw, the leaf is serrate (fig. 70, p. 48) ; and 
when the projections are rounded, the term crenate is 
applied (fig. 102). 




Fig. 105. Fig. 106. 




Fig. 107. 

When a simple leaf is divided deeply in a lateral 
direction — i.e. from the margin towards the midrib — it 
is said to be pinnately-cleft or pinnatifid (fig. 98) ; if 

Fig. 105. — Arrow-shaped leaf (sagittate) of Scaminouy. 

Fig. 106. — Entire egg-shaped (ovate) acute leaf of Coriaria. It 
IK also three-ribbed ^tricoetate). 

Fig. 107. — Doubly pinnate (bipinnate) leaf of the Honej-Locuat 
tree {OUdilschia) ; 6, a spiny bod ariang from the stem. 

F 
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the divisions extend nearly to the midrib, then the term 
partite is used in place of cleft, and the leaf is pin- 
nately-partite (fig. 103). 

"When a simple leaf is divided deeply in a longi- 
tudinal direction — that is, from the apex to the base — 
the terms palmately-cleft and palmately-^partite are 




used, and the number of divisions is indicated by a 
numeral prefixed. Thus, in fig. 99, there is a pal- 
mately-cleft leaf, and the divisions and lobes being 
seven, the name 7 -cleft is also applied. 

Pig. 108. — Wood-sorrcl {OxcUis Aceiosella), with its compound 
ternate leaves, which are said to display a certain amount of irri- 
tability when exposed to bright sunshine. During the night each 
of the three leaflets, forming the compound leaf, fold on their mid- 
rib, and then fall down towards the common petiole. 

Pig. 109. — Compound septenate leaf of the horse-chestnut 
{jEscvltLs Hippocastanum). Such leaves are sometimes called 
digitate. 
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VarioTiB names are given to the forms of simple leaves, 
such as lanceolate, meaning narrow and tapering to each 
end (fig. 104) ; oblong, meaning narrow, but not taper- 
ing to each end (fig. 97) ; cordate, like the heart on 
cards; sagittate, like an arrow (fig. 105); ovate, or egg- 
shaped (fig. 106). When a heart shaped leaf has the 



division of the heart at the point farthest from the 
stalk, it is obcordate ; and when an ovate leaf has the 
broad part df the egg similarly placed, it is obovate. 

In a compound leaf the divisions vary in a similar 
manner — taking place either laterally or longitudinally. 
Fig. 110.— Triternate Isaf of Baneberry (AcUm). 





Fig. 110. 
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In this case, however, the divisions consist of separate 
leaflets usually articulated to the petiole or midrib. A 
compound leaf having leaflets placed laterally along the 
midrib is called pinnate (fig. 100, p. 63, and fig. 116). 
The leaflets are in pairs, and the leaf may end in a 




Fig. 113. hlg. 112. 



pair of leaflets, or in one leaflet as in the figures. In 
the former case it is equally, in the latter unequally, 
pinnate. The leaflets themselves may be divided into 
a series of smaller leaflets in pairs, and then the leaf 
is twice pinnate (bipinnate, fig. 107). Further divi- 

Fig. 111. — Leaf of orange {Citrus A v/rantiuin)^ showing a winged 
I)etiole, which is articulated to the blade (lamina) I. It is a 
compound leaf with only one leaflet. 

Fig 112. — Broadened leafstalk (phyllodivm) of an Acacia, with- 
out any true leaves. 

Fig. 113. — Leafstalk of the same Acacia bearing leaflets. 
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sion on a similar plan will make it thrice pinnate (tri- 
pinnate), and so on. 

A compound leaf formed of leaflets jointed to the 
top of the leafstalk (the divisions heing thus lon- 
gitudinal) is named according to the number of the 
leaflets — ternate, when they are three (fig. 108) ; quinate, 
when they are five {Puvia) ; septenate, when seven (fig. 
109) ; and digitate when they are numerous (Lvphim 




PiK. 116. 



polyX>hylhi8). When a ternate leaf divides twice into 
three, it becomes biternate (Columbine) ; when thrice, 
triternate (fig. 110). 

Petiole or Leaf-stalk. — The petiole or leaf-stalk is 

Pig. 114. — Plant of water-chestuut {Trapa natans). The nxih- 
merged leaves are much divided ; those which float have inflated 
petioles, containing numerous air-cells. The swelling below the 
blade of the leaf indicates the situatioii of the air-cavities. 

Fig. 116. — Leaf of Pansy, separated from the flower ; the 
pinnatiftd stipules, are distinctly visible, and their lateral position 
is seen, 



70 PETIOLE OR LEAF-STALK. 

usually rounded in its contour, and it is either articu- 




Fig. 116. 

lated to the stem or branch, as in the case of ordinary 
deciduous trees, or it is continuous with the stem. 




Fig. nr. 



as in lilies and hyacinths, and then withers without fall- 
Fig. 116. — Compound pinnate leaf of rose, with two stipules at 

its base united to the leaf -stalk and to each other. 

Fig. 117. — Wavy leaf of melon, with a stipule, in the form 

of a tendriL 
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ing off at an articulation. The petiole is flattened from 
side to side in the aspen, and it is broadened out into a 
leaf-like body in the orange (fig. Ill), and in some aca- 
cias (fig. 113). In many acacias of Australia the petiole 
serves the purpose of leaves, and no true leaves arc 
produced (fig. 112). In some aquatics the leaf-stalk 
is full of air, so as to enable the loaves to float on the 
surface of the water, or to rise above it (fig. 114). 

Stipules. —These are small leaf-like bodies situated 
at the base of the leaf stalks, and having in their normal 
state a lateral position as regards the leaves. In some 
plants they occupy the place of the true leaves. They 
are well seen in the common pansy (fig. 115). In the 
rose the two stipules are united together so as to form 
a broad expansion at the base of the petiole (fig. 116). 
In rhubarb the stipules form a sheath round the stalk, 
and in the cucumber tribe they are in the form of tendrils 
(fig. 117). In the case of Peruvian Bark trees and the 
Ipecacuan plant, the stipules are placed between the 
opposite leaves on each side of the branch. 

QUESTIONS. 

1. What is meant by the conformation of kaves ? 

2. What is the meaning of the terms lamina and petiole 7 

3. What are stipules ? 

4. How have leaves been arranged in regard to their 
general conformation ? 

5. Explain the meaning of a simple and of a compound 
leaf, and give an example of each. 

6. Explain the tcnns entire, toothed, HtJtrate, and 
crenate, as applied to leaves. 

7. Explain the terms pinnatifid and pinnati-partite. 

8. Explain the terms palmately-cleft and palmately- 
partite. 
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9. Explain the terms lanceolate, oblong, cordate, and 
ovate. 

1 0. Explain the terms obcordate and obovate. 

11. Explain the term sagittate. 

1 2. Explain the terms pinnate, bipinnate, and tripinnate. 

13. Explain the terms temate, biternate, and triternate. 

14. Explain the terms quinate, septenate, and digitate. 

1 5. What is meant by a sessile leaf ? 

16. Describe the petiole of the orange. 

' 17. Describe a peculiarity in the leaf-stalk of some 
Australian acacias. 

1 8. Describe the position of stipules. 

19. What kind of stipules are seen in the pansy and in 
the rose ? 

20. Are stipules present in all plants ? 
Anomalous Leaves, — Leaves exhibit peculiar shapes 



in consequence of being folded so as to form bags 

Fig. 118. — Pitcher of Sarracenia jmiyit^ea, a North American 
marsh plant. 

Fig. 119. — Pitcher of Nepenthes distillatoria from the Indian 
Archipelago. It hangs by a narrow portion from the end of the 
leaf, and has a distinct lid which closes the orifice at first. 




Fig. 118. 



Fig. 119. 
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or pitchers. There are various kinds of pitcher-plants. 
The pitcher of an American pitcher-plant (Sarra- 
cenia) is represented in fig. 118, while that of an 
East Indian plant {Nepenthes) is seen in fig. 119. In 
the latter there is a distinct lid, which is folded over 
the mouth of the pitcher at first, but ultimately 
rises, as shown in the woodcut. The fluid in the 
pitcher before the lid opens contains certain saline 
matters in solution. One of the Indian pitcher-plants, 
called Diachidia Eafflesiana, climbs to the top of the 
lofty trees and produces pitchers only among the upper 
leaves. There it is that the plant sends out little 
rootlets, which enter the pitchers and derive nourish- 
ment from the rain and dew which are thus collected. 

These pitchers often contain numerous insects, which 
are attracted in some cases (as in Sarracenias) by a viscid 
honey-like substance secreted on the inner surface of 
the pitcher, and extending a short way from the margin. 

Irritable Leaves. — An interesting phenomenon ex- 
hibited by the leaves of plants is irritability. Thv* 
is manifested by certain movements which they display 
either spontaneously or under the influence of me- 
chanical and chemical stimuli. In the plant called 
Venus's fly-trap (fig. 120) the leaf is furnished with 
three projecting hairs on its blade, as seen in the ex- 
panded leaf on the figure, which, when touched, im- 
mediately cause the leaf to fold upon itself, and thus 
enclose any insect that may have alighted on it. This 
plant has been called insectivorous and carnivorous, 
because insects and albuminous food, entrapped in its 
leaves, are acted on by an acid secretion (allied to for- 
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mic acid) and are gradually digested, so as to supply 
nourishment to the plant. A similar phenomenon is seen 
in the leaves of the Sundew {Drosera, fig. 121), which 



are covered by glandular hairs or tentacles which 
secrete a. viscid fluid and gradually close upon any 
insect which alights on them, and finally digest it. 
Albuminous food placed on the leaf is acted on in 
the same way. Some species of Butterwort {Pingui- 
culd) appear also to detain insects in the curled margin 
of their leaves. In the sensitive-plant (fig. 122), the 
slightest touch causes the little leaflets to fold to- 

Fig. 120. — Dioima muscipulaf Veniis's fly trap, a North Ame- 
rican marsli-plant, which displays initahility of its leaves. One 
leaf, a, is expanded, showing the two parts of the blade with three 
projecting hairs on each, which, when touched, cause the parts of 
the blade to fold, as shown in the other two leaves. The petiole, 
is broad, and is said to be winged. A partially-closed blade of the 
leaf is marked I. 

Fig. 121. — Leaf of a species of Sundew {Drosera rotundifolia) 
covered with glandular hairs or tentacles. These hairs secrete a 
viscid fluid, which often detains insects. The leaves are sometimes 
seen partially folded. This folding is supposed to be due to irri- 
tability. 




Fig. 120. 



Fig. 121. 
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gether in tho way shown in the figure, and if the 
irritation is continued, the whole leaf falls down. 
These movements are also induced by the action of 
ether, chloroform, prussic acid, and many other 
substances. If tho cause of irritation is removed, 
and the plant is left undisturbed, it gradually recovers 




its natural state. During the night, tho leaflets close 
and the leaf is depressed. In the moving-plant of 
India (Dmnodiiwi gyram) as shown in fig. 123, there 
are two or more little leaflets, which are in constant mo- 
tion, jerking from one side to the other in a remarkable 
manner, both during light and darkness. The large 

Fig. 122. — 3/mo«a jM/rficrt, fieiiisitive-plant. The stmn with two 
leaven. Each leaf is coiiipoHcd of numcrouH leaflets on a coniiiion 
stalk. In the lower leaf, tho leaflets are expanded at one part and 
closed at the other. In the other leaf all tho leaflets are closed, 
and the whole loaf has fallen down. 

Fig 123. — Deftinodinm or TledyHdrum fjyravSf the moving-plant 
of India. The lorge leaf moves slowly ami imjierceptibly from side 
to side, as well as upwards and downwards. The little leaflets are 
constantly jerking so as to meet in the middle and then separate 
again. 
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leaf at the end of the stalk also exhibits slow move- 
ments, rising and falling and moving from one side to 
the other. During darkness, the large leaf always hangs 
down. These remarkable movements exhibited by the 
leaves of plants are not connected with nerves or 
muscles, as is the case in animals, but they seem to be 
caused by the greater or less distension of cellular en- 
largements connected with the bases of the leaflets and 
of the leaf-stalks. 

QUESTIONS. 

1. How are vegetable pitchers formed? Mention two 
kinds, and describe the difference between them. 

2. What is meant by irritable leaves ? Give an example. 

3. Describe the movements in the leaf of Venus's fly-trap. 

4. Describe the movements in the leaf of the Sundew 
(Drosera), 

5. Mention some plants which are called insectivorous 
and carnivorous, and explain the meaning of these terms. 

6. Describe the movement in the leaf of the sen- 
sitive-plant. 

7. Describe the movements in the leaves of the moving- 
plant of India. 

Functions of Lemes, — In the form and size of leaves 
we may perceive many interesting adaptations. Thus 
the large fan-shaped leaves of palms are fitted for shade 
and shelter in the warm countries in which they grow ; 
while the narrow linear leaves of pines and firs fit them 
for the alpine districts in which storms and blasts pre- 
vail. In leaf-buds also, wonderful provision is made 
by the Creator for the preservation of their contents. 
They are a sort of winter-quarters, in which the young 
leaves and branches are nursed. "With this view they 
are covered with coarse external leaves, or with a coat- 
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ing of gummy or resinous matter. It is only when the 
genial warmth of spring calls them forth that they 
burst their cerements, and expand their delicate struc- 
tures to the air. Our native plants protrude their 
leaves cautiously, and thus are seldom injured much 
from our variable springs ; but exotics transplanted 
from temperate climes, where spring is continuous, and 
there are no nipping frosts to arrest growth, are often, 
as it were, deceived by a few days of warmth in our 
northern climate, put off their winter clothing too soon, 
and thus suffer severely from their temerity. The time 
of putting forth the leaves, as well as the time of the 
falling of the leaves, indicates the nature of the seasons. 

The function of leaves is to expose the juices of 
the plants to light and air, and thus to aid in forming 
the woody matter of the stem, and the various secretions. 
Unless the leaves are freely exposed to air and light, 
the wood is not properly formed. Hence the reason 
why the wood is deficient both as regards quantity and 
quality in trees grown in crowded plantations. The 
same observations apply to all secretions of plants. 
Thus potatoes grown in the shade, by which the func- 
tions of their leaves are impeded, become watery, and 
produce little starch in their tubers. Leaves also give 
off a quantity of watery fluid. This constitutes what is 
called exhalation. The amount of fluid exhaled varies 
according to the structure of the leaves and the nature 
of the climate. When the texture of the leaf is hard 
and dry, as in some Australian plants, or the skin 
covering the leaf is thick and dense, and has few 
stomata, as in the American aloe and in the oleander. 
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the exhalation is comparatively small. In this way 
certain succulent plants, as cactuses, are enabled to 
withstand the effects of dry and hot climates without 
being dried up by the great loss of fluid from exhalation. 
The thick covering of hairs, as well as the waxy 
coating on some leaves, seem to be connected with the 
amount of exhalation. Some very hairy plants have 
been known to withstand the effect of great and con- 
tinued drought. "Plants exhale fluid from their 
leaves, in the first place, for their own benefit. But 
various important secondary effects follow from this 
process. One of these is maintaining a suitable portion 
of humidity in the air. Not only do they attract and 
condense the moisture suspended in the air, and borne 
by the wind over the earth's surface, which, falling 
from their leaves, keeps the ground below moist and 
cool ; but they can, by means of their roots, pump it 
up from a very considerable depth, and, raising it 
into the atmosphere, diffuse it over the face of the 
country. Trees, by the transpiration from their leaves, 
surround themselves with an atmosphere constantly 
cold and moist. They also shelter the soil from the 
direct action of the sun, and thus prevent evaporation 
of the water furnished by rains." In this way they 
contribute, as Humboldt states, to the copiousness of 
streams. When forests are destroyed, as they have 
been in America by the European settlers, with an im- 
prudent precipitation, the springs are entirely dried 
up, or become less abundant. The inconsiderate fell- 
ing of woods, or the neglect to maintain them, has 
changed regions noted for fertility into scenes of sterility. 
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The droughts which so often visit the Cape de Verd 
Islands are attributed to the removal of their forests. 
A disregard of this point may do great harm to Aus- 
tralia — a country where drought is already sufficiently 
uijuripus. In wooded countries, where the rains are 
excessive, as in Eio Janeiro, the climate has been im- 
proved by the diminution of the trees. 

Another and most important function of leaves is to 
keep up the purity of the atmosphere. A poisonous 
gas, called carbonic acid gas, is constantly sent into the 
air by the breathing of man and animals, and by the 
various processes of combustion ; and this gas is de- 
composed by leaves and the green parts of plants, under 
the influence of light. They are thus enabled to 
separate the carbon for their own use as food, and to 
give out oxygen gas, which constitutes the part of the 
air necessary for breathing. The carbonic acid gas 
exhaled from the lungs of a single individual in twenty- 
four hours contains, on an average, five to eight ounces 
of carbon — a substance familiar to all in the form of 
wood-charcoal. A full-grown man, therefore, will give 
off from his lungs, in the course of a year, 110 to 180 
pounds of carbon in the form of carbonic acid. " If 
we suppose," says Professor Johnston, " each individual 
of Great Britain, young and old, to expire only 80 
pounds of carbon in a year, the 20 millions would emit 
700,000 tons ; and allowing the cattle, sheep, and all 
other animals to give off twice as much more, the whole 
weight of carbon returned to the air by respiration in 
this island, would be about 2 millions of tons." Be- 
sides this, we must take into calculation the quantity 
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derived from the combustion of about 20 million tons 
of coal in order to ascertain the amount to which the 
atmosphere in Britain is vitiated. All the carbon is 
employed in the growth of plants. The exhalation 
from the leaves of plants grown in ordinary rooms is 




Fig. 124. 



SO great that the plants will not thrive. To obviate 
this, and to prevent the effects of the noxious gases 
(such as sulphurous acid and sulphuretted hydrogen) 

Fig. 124. — Wardian Case for a drawing-room, consisting of a 
sti'ong wooden box or trough, a, supported on a stand, and covered 
with a glazed frame, b. The box is filled with loam, sand, and 
peat, laid over a layer of gravel and broken bricks. Water is freely 
poured over the soil at first, and it is allowed to drain off by means 
of two holes in the bottom of the box, which are subsequently 
stopped up with corks. After the plants have been put into the 
soil, the glazed frame, made of wood, zinc, or brass, is fitted on 
carefully in a groove on the upper part of the box. In the frame 
there is a glass door for the purpose of allowing the removal of dead 
leaves, and of permitting air to enter freely when the atmosphere 
in the case is too moist. 
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and the smoke of towns from injuring the plants, Mr. 
Ward invented glass Cases, which bear his name, in 
which cultivation is carried on successfully (fig. 124). 
In these Cases the water exhaled from the leaves is 
condensed on the glass and falls down again. Ferns 
succeed remarkably well in such Cases. 

The leaves of plants growing vigorously are thus 
made subservient by the all -wise Creator to most im- 
portant ends. The carbon, which in its combination 
with oxygen is so deleterious, is an important ingredient 
in plants, and is taken up by them in the form of 
carbonic acid. Plants of warm climates, with large 
evergreen leaves, and under the blaze of a tropical sun, 
contribute to supply pure air to other regions where the 
leaves fade and the light is deficient. It is only during 
light that leaves have this decomposing power. 
During the night no such process goes on ; and if the 
leaves are kept long in darkness they lose their green 
colour, become pale and sickly, and deteriorate the air. 

In preparing certain delicacies for the table, the 
gardener blanches plants — that is to say, he makes them 
grow in darkness, or at least partially covered from 
the light. In this way the plants lose their green 
colour, and they do not form their proper secretions. 
In place of fibrous matter, only delicate cells and spirals 
are produced, and the plants are rendered tender. Thus 
the leaf-stalks of celery and sea-kale, and the shoots 
of asparagus, are made fit for ase. The heart of the 
cabbage is rendered white and delicate by the outer 
leaves screening it from light. By the same process 
the odours of plants are weakened or destroyed. 
G 
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In ponds and lakes we perceive the balance kept up 
between animal and plant life. Plants, under the in- 
fluence of light, decompose the carbonic acid given off 
by animals, and produce oxygen gas, which aerates 
the water. The heat and light received by plants for 
their growth do not disappear, but are treasured up in 
the tissues, and when the tree is burnt, it restores again 
the heat and light consumed during its growth. 

The Fall of the Leaf (Defoliation).— The leaf, after 
performing its functions, dies, and either falls off at 
once, leaving a scar, or remains for a certain time 
attached to the plant. In the case of lilies and hy- 
acinths the leaves decay gradually, and remain for a 
long time as withered unsightly appendages. Pro- 
vision is made for the fall of the leaf. Long before 
this, a plane of separation begins to form at the base 
of the leaf-stalk, and it reaches its full development 
just at the time when the leaf ought to fall. A scar 
is left at the point of the stem where the leaf was 
attached. These scars give characters to plants both 
in a living and fossil state, and deserve careful study. 
Dr. Fleming divides trees, according to the duration 
of their leaves, into three classes : — 1. Those in which 
the leaves cease to perform their functions when the 
bud is complete. 2. Those in which the leaves con- 
tinue to perform their functions until new ones appear 
the following season. 3. Those in which the leaves 
continue to perform their functions for several years. 
The leaves of the first class are deciduous, and they 
seem to be connected with the ripening of the bud. 
When this takes place, these leaves change their colour 
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and perish. This may be seen in willows. Leaves of 
the second class are annual. They continue till new 
leaves are produced, and are cast off in the order of 
their development. In evergreen trees and shrubs the 
leaves of one season continue their functions until those 
of the next season are produced. The leaves of the 
third class are persistent. Their duration does not 
seem to be regulated by the perfection of the bud, nor 
by the development of new leaves. They continue 
their functions for several years. This is the case with 
ordinary evergreen firs. The leaves of the Chilian 
Pine {Araucaria inihricata) are remarkably persistent. 
In the case of pines, larches, cypresses, Thujas, Tax- 
odium distichum, and other coniferous plants, as 
well as in Tamarisk, small branches fall off with the 
leaves — the decaying parts separating by a process of 
disarticulation or disjointing. This is called cladoptosis 
(branch -falling), as distinct from phylloptosia (leaf- 
falling). 

How exquisite is the structure of a leaf, with 
its delicate cells and vessels, its coloured particles, 
beauteous even in decay, its pores, its hairs, which 
sometimes display a continuous circulation of fluids, as 
seen in the nettle, its sensitive movements, its air- 
cavities when required for floating, and its pitchers 
to carry fluids for nourishment! How wonderful to 
think that a feeble leaf fluttering in the breeze is 
not an isolated object in creation, but connected by 
the closest ties with the earth, the atmosphere, and the 
sun itself ! 

The parts of the plant which we have now con- 
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sidered — the root, stem, and leaves — constitute what 
are called the organs of nutrition or nourishment. 
Fluid matters are taken up by the cells of the roots 
from the soil, they are conveyed to the leaves, and there, 
under the influence of air and light, they are fitted for 
the purposes of plant-life, and for the production of vari- 
ous secretions, such as starch, gum, sugar, woody matter, 
gluten, oils, and resins. The nature of the soil has a 
material influence on the nourishment of the plant, and 
the process of manuring is conducted with the view of 
supplying certain substances which the plant requires 
for its vigorous growth, and which it cannot get from 
the particular soil in which it is placed. Some plants 
require ingredients which others do not need ; and it is 
upon this principle that a certain rotation or change of 
crop is adopted. 

QUESTIONS. 

1. What are the functions of leaves? 

2. How are leaves protected in the bud ? 

3. What changes take place in plants when grown in 
the dark ? Give an example. 

4. What is meant by the exhalation of leaves ? What 
matters are exhaled ? 

5. What is meant by leaf-absorption ? What matters 
are absorbed ? 

6. What effect do leaves produce on the atmosphere 1 

7. Whence arise the difficulties of growing plants in 
cities and in the rooms of houses ? 

8. Describe a Wardian Case, and explain its use. 

9. What poisonous gas is absorbed largely by the 
leaves of plants ? 

10. What gases in the atmosphere of manufacturing 
towns are specially injurious to plants ? 
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11. What is meant by defoliation and disarticulation ? 

12. Mention modes in which leaves decay in autumn. 

1 3. How can the nature of the seasons be indicated by 
the leaves of trees ? 

14. What is meant by a leaf-scar ? 
16. Do all leaves fall annually ? 

16. What is meant by evergreen trees and shrubs 1 

1 7. What is meant by persistent leaves ? Give an 
example. 

v.— General Eemarks on the Functions op the 
Organs op Nutrition. 

Plants derive their nourishment partly from the 
atmosphere and partly from the soil. The parts 
(organs) of plants are made up of several chemical 
elements, which are combined in various ways, so as 
to form what are called Orr/anic and Inorganic com- 
pounds. The former are composed of carbon, oxygen, 
hydrogen, and nitrogen (sometimes called azote), along 
with certain proportions of sulphur and phosphorus, 
while the latter consist chiefly of metals combined with 
oxygen, other metalloids, and acids. In all plants there 
is a greater or less proportion of water, the quantity of 
which is ascertained by drying at a temperature a little 
above that of boiling water. By burning the dried 
plant the organic constituents disappear, and the in- 
organic part is left in the form of ash. 

As plants have no power of locomotion, it follows 
that their food must be universally distributed. The 
atmosphere and the soil accordingly contain all the 
materials requisite for their nutrition. These materials 



86 



CARBON — CARBONIC ACID. 



must be supplied either in a gaseous or a liquid form, 
and hence the necessity for the various changes which 
are constantly going on in the soil, ^d which are 
aided by the eflforts of man. 

Carbon (C) is the most abundant ingredient in plants. 
It forms from 40 to 50 per cent of all the plants culti- 
vated for food. It is familiar to us in the form of 
wood-charcoal, and is seen in its finest state in the 
diamond. It enters largely into the composition of 
coal which has been formed from plants of former 
epochs of the eai'th's history. Carbon is porous, and 
has the property of retaining within its pores a con- 
siderable amount of soluble gases, such as ammonia and 
sulphurous acid ; it also absorbs various saline matters 
from solution, and it removes offensive odours. It 
exists largely in the humus or vegetable mould formed 
by the decay of plants. This mould, by its absorbing 
power, furnishes important materials for the nutrition 
of plants. Peaty soil contains a large amount of car- 
bon. When carbon is burnt in the air, it combines 
with two atoms of oxygen, and forms a gas called 
carbonic acid, or carbon dioxide (C O2). In this state 
carbon is taken up by the leaves and other green parts 
of plants, either in the form of gas, or in solution m 
water. This gas is produced during the burning of all 
organic substances ; it is also given off during the pro- 
cess of fermentation. The breathiug of man and animals 
is in reality a process of burning called oxidation, by 
which the oxygen of the air combines with the carbon 
in the lungs, and forms carbonic acid. The presence 
of this gas in the air given out from the lungs is shown 



OXYGEN— HYDROGEN— NITEOGEN. 87 

by breathing on, or by sending the breath by means of a 
glass tube through^ a solution of lime water. A milki- 
ness is at once produced in the fluid by the formation 
of the insoluble carbonate of lime (chalk). During the 
decay of animal and vegetable matter, C Og is produced, 
and it is present in large quantity in the atmosphere 
during volcanic action. The atmosphere contains only 
about one ten-thousandth of Its bulk of carbonic acid, 
but this is sufficient to supply the carbon required for 
vegetation. Under the agency of light upon the green 
parts of plants carbonic acid is decomposed, its carbon 
being used for the nutrition of the plants, and its oxygen 
given off. 

Oxygen (0) enters into the composition of plants. 
It exists in the atmosphere, in the proportion of about 
21 per cent, along with nitrogen. It forms eight-ninths 
by weight of water. It is chiefly in its state of com- 
bination with hydrogen to form water (Hg 0) that it is 
taken up by plants, but also in combination with carbon, 
as carbonic acid. In combination with metals and metal- 
loids, oxygen forms nearly three-fourths of the mass of 
the globe. 

Hydrogen' (H) is not found in a free state in nature. 
It forms one-ninth by weight of water, and is present 
in the atmosphere in combination with nitrogen. It is 
also found in the air, united with sulphur (S) and carbon, 
as a product of vegetable decay. By the decomposition 
of water, under the combined action of chlorophyll and 
sunlight, plants obtain their supply of Hydrogen. 

Nitrogen (N) is another element found in plants. It 
forms about 79 per cent of the atmosphere, and abounds 
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in animal tissues. It is therefore necessary for the 
purposes of animal life that nitrogen should be sup- 
plied in food. Animal matters during their decay give 
off nitrogen, combined with hydrogen, in the form of 
ammonia (N Hg), which is largely absorbed by water as 
well as by carbon, and seems to be the chief source 
whence plants derive their nitrogen. It appears also 
that during thunderstorms the nitrogen and oxygen 
sometimes combine to produce nitric acid (Ng Og), 
which may furnish a supply of nitrogen. 

These four elementary bodies are thus supplied to 
plants chiefly in the form of carbonic acid (C 0^, 
water (Hg 0), and ammonia (N Hg). The products 
formed from them are divided into two kinds — (1), 
those which contain no nitrogen and are called non- 
nitrogenous or unazotised; and (2), those which con- 
tain all the four, and are called nitrogenous or azotised. 
The first are chiefly concerned in furnishing materials 
for breathing (respiration), while the latter aid in the 
formation of blood and of muscle. Among the non- 
nitrogenous compounds formed by plants may be 
noticed cellulose, lignin, starch, gum, and sugar ; while 
among the nitrogenous matters may be mentioned 
fibrin and albumin. 

Cellulose is present in all plants forming the walls 
of cells and vessels. It may be called the basement 
tissue. Pure cellulose is white, tasteless, and is not 
soluble in water, alcohol, ether, or oils. In the hairs 
of cotton and in the pith of plants it is found nearly 
pure. By the action of sulphuric acid it is formed into 
grape-sugar. In its natural state it is not colourable 
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by iodine, but when acted upon by sulphuric acid, a 
blue colour is produced by the addition of iodine. By 
the action of sulphuric acid and nitric acid, cellulose is 
converted into gun-cotton (Pyroxylin). 

lignin is the substance which gives hardness and 
solidity to the cells and vessels of plants. It forms 
the encrusting matter in the interior of the woody 
tubes. It exists in linen and paper, and these sub- 
stances, when acted upon by sulphuric acid, are con- 
verted into grape-sugar. Lignin exists in large 
quantity in the wood of trees. The ligneous layers of 
the bark are used for making ropes, and, after macera- 
tion, for paper. During decay, lignin is converted into 
humus or peaty matter. 

Starch is a general product, being laid up as a store 
of nourishment, and undergoing changes at certain 
periods of the life of a plant, which fit it for further 
use in the economy of vegetation. It consists of 
organised granules, which are insoluble in cold water, 
alcohol, and ether. When heated with water to about 
70° Cent., the granules swell up and split up, forming, 
on becoming cool, a gelatinous mass. When a small 
quantity of hydrochloric and nitric acid is added to 
starch, heated to about 105° Cent., it is converted into a 
substance called dextrin. Similar changes take place 
in the starch during the progress of vegetable growth. 
Starch is converted first into dextrin, and then into 
grape-sugar. A blue colour is produced in starch by 
the action of iodine. 

Gum is one of the substances produced abundantly 
in the vegetable kingdom. Its composition is the same 
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as tliat of cane-sugar. It exists in many seeds, exudes 
from the stems and twigs of many trees, such as 
species of acacia, cherry, and plum, and is contained in 
the juices of others from which it does not exude. It 
is one of the forms through which organic matter passes 
during the growth of plants. 

Sugar is another substance which exists in many 
species of plants. like the substances just mentioned, 
it consists of carbon combined with oxygen and hydro- 
gen in the proportion to form water. It is one of the 
carbo-hydrates. There are two marked divisions of 
sugar — ^viz., cane-sugar or sucrose, and grape-sugar or 
glucose. The former is procured from the sugar-cane, 
from beet-root,, and the sugar-maple ; it differs slightly in 
its composition from grape-sugar. The latter (grape- 
sugar) is a product of germination, being formed during 
the early growth of the embryo plant, and it exists in 
many kinds of fruit, such as grapes, gooseberries, apples, 
currants, and pears. It may be prepared from starch 
by the action of an infusion of malt. 

The nitrogenous or azotised organic substances found 
in the tissue of plants are well seen in the glutinous 
part of wheat. The nutritive part of the wheat consists 
of starch or nnazotised matter, separable by washing, 
and of azotised water or glutin. Azotised products are 
particularly abundant in grains and seeds. The glutin 
in them is composed of substances which receive the 
name of fibrin, casein, albumin, emulsin, all containing 
carbon, oxygen, nitrogen, and hydrogen, with some 
phosphorus and sulphur. 

The inorganic substances which constitute the ash 
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left after burning are formed more or less by the follow- 
ing elements, sulphur (S), phosphorus (P), silicon (Si), 
chlorine (CI), iodine (I), fluorine (F), potassium (K), 
sodium (Na), calcium (Ca), magnesium (Mg), iron (Fe), 
manganese (Mn), and perhaps aluminum (Al), and 
bromine (Br). The quantity of inorganic matter in 
plants is small compared with the organic constituents, 
nevertheless it is essential for the life and vigour of 
the plant. 

In the interior of cells we meet with green cor- 
puscles called chlorophyll, and a formative matter called 
protoplasm. The action of light is required for the 
development of chlorophyll, and by the aid of light it 
decomposes carbonic acid and sets free oxygen. It 
undergoes changes of colour during plant growth, and 
in autumn assumes various tints — red, yellow, brown, 
etc. Protoplasm is a nitrogenous matter concerned in 
the growth and development of cells. It is contained 
in the cells of plants, but it is said that some of the 
lowest plants and animals consist of this substance 
uncovered by any cell-wall. 

QUESTIONS. 

1. Whence do plants derive nourishment 1 

2. AVhat is meant by organic and inorganic com- 
pounds 1 Give examples. 

3. When plants are burnt, which of their compounds 
are destroyed, and which are left unconsumed ? 

4. Whence do plants derive their carbon ? 

5. What is the symbol of carbon ? 

6. What is the composition of water ? Give its symboL 
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7. Whence do plants derive oxygen and hydrogen ? 

8. Whence do plants derive nitrogen ? Give the 
symbol of nitrogen, and of one of its compounds. 

9. What gas is given off during the breathing of men 
and animals ? 

10. Mention some nitrogenous and some non-nitrogenous 
substances found in plants. 

11. What is meant by cellulose ? 

12. What is lignin ? 

13. What is meant by carbo-hydrates? Give ex- 
amples. 

14. What is starch ? What plants yield it ? 

1 5. What is gum ? What plants yield it ? 

1 6. What is sugar ? Mention two kinds of sugar, and 
the plants which yield them. 

17. What kind of sugar is produced during the germi- 
nation or sprouting of plants ? 

18. Mention some azotised organic substances produced 
by plants. 

19. What effect has iodine on starch ? 

20. What change takes place in starch during the 
growth of the young plant ? 

21. Mention some of the inorganic constituents of 
plants. 

22. What is protoplasm ? 

23. What is chlorophyll ? 



CHAPTER II. 



THE ORGANS OP REPRODUCTION. 

The flower, or the floral organs concerned in the pro- 
duction of seed containing the young plant, are called 
the Organs of Reproduction. In exogens and endogens 
these organs are usually obvious, and hence these plants 
are called Flowering or Phanerogamous — i.e. with repro- 
ductive organs conspicuous. In acrogens, on the other 
hand, these organs are obscure, and hence the plants 
are called Flowerless or Cryptogamous — that is, having 
concealed organs of reproduction. We shall consider, in 
the first place, these organs as seen in flowering plants. 

I. — Bracts, Flower-stalks, and the Arrangement 
OP THE Flowers on the Axis. 

The arrangement of the flowers on the flowering 
stem or branch is called Inflorescence. Flowers are 
produced from flower-buds, which arise like leaf-buds 
from the axil of leaves — that is, from the angle formed 
by leaves coming off from the axis. Leaves which give 
origin to flower-buds are called Bracts. They are some- 
times similar to the ordinary leaves of the plant, at 
other times they are altered and modified in various 
ways. In fig. 125 is seen the common scarlet pimper- 
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nel, with each of the sessile (not stalked) leaves or bracts 
producing a flower ; in this case the bracts are like the 
ordinary leaves of the plant. Such is also the case in the 
ivy-leaved speedwell, but in it the leaves are alternate 
in place of being opposite. In other cases, however, 
the bracts differ from the ordinary leaves. Sometimes 
they are beautifully coloured like the leaves of the 
flower, sometimes they are mere scales. While in some 
instances they give origin to one flower, in others they 
give rise to many flowers. In fig. 1 26 the common snow- 
flake is seen bearing a single flower with a bract &, which 
in the early state covers the flower ; while in fig. 127 
the polyanthus-narcissus is represented with a sheathing 
bract enclosing many flowers. In the common cuckoo- 
pint, and in palms, large bracts are seen enclosing 
numerous flowers. In the case of some palms the 
number of flowers covered by one sheathing bract or 
spathe is said to be upwards of 200,000. In grasses 
the bracts covering the flowers are called glumes. The 
simplest kind of inflorescence or floral arrangement is 
that in which single flowers are supported on flower- 
stalks arising from the axil of leaves, as in the gentian- 
ella, the snow-flake (fig. 126), the common periwinkle, 
and the pimpernel (fig. 125). In these instances, how- 
ever, there is a difference in the mode of floral develop- 
ment. In the first two a single flower ends the primary 
axis, which is arrested in its growth, and does not elon- 
gate. Should more flowers be produced, they arise from 
separate axes, and they expand after the central flower. 
In this case, if clusters of flo'wers are produced, we may 
observe one flower in the centre fully expanded, a second 
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farther from the centre only partially expanded, and a 




Fig. 125. 



Fig. 125. — Flowering stem of the Scarlet Pimpernel or Poor- 
man's Weather-glass {Atiagallis arvensis). The floral stem or axis 
goes on lengthening and producing flowers at the points where the 
leaves (called floral) join the axis or stem. The lowest flower 
expands first, and the others in succession upwards. The bracts, in 
this case, are like the ordinary leaves of the plant, and each bract 
gives rise to a flower. 

Fig. 126. — Flower of Spring Snow-flake (Leucojum veniuvi), 
supported by a peduncle, called a scape, and coming out from a 
sheathing bract, b. The flower is drooping and solitary, and the 
perianth is above the ovary. 
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third, still farther oflF, in the state of bud, and so on. 
The expansion of the flowers is, therefore, what is called 
centrifugal — i.e. going from the centre outwards or 
downwards. Again, in the latter two instances — viz. 
the periwinkle and the pimpernel — the floral expansion 
is different ; the flowers are produced laterally on the 




Fig. 127. 



axis, which elongates and continues to produce flowers 
in regular succession from below upwards, so that the 
lowest flowers are first expanded, and the whole inflor- 
escence is on one axis. This development is called cen- 
tripetal, because the expansion is from below upwards, 
or, in the case of shortened clusters, from without in- 
wards, always towards the centre of the -axis. There are. 

Fig. 127. — Flowers of Polyanthus -Narcissus (Narcissus Tazetta) 
bursting from a sheathing bract, h. The inflorescence is a definite 
umbel. Two of the ordinary leaves, 1 1, are also shown. 
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then, two kinds of inflorescence — one called Deter- 
minate or Definite, with centrifugal opening of the 
flowers; and the other Indotorminato or Indefinite, 
with centripetal opening of the flowers. 

In the dandelion, daisy, and marigold, the heads of 
flowers are surrounded by a sot of bracts arranged in a 




Fig. 128. Pig. 129. 



whorl or involucre (figs. 1 30 &, 1 28 . A similar arrange- 
ment of bracts is observed in the hemlock tribe. In the 
willow, the hazel, the oak, the walnut, and other trees 
which bear catkins, each flower has a scaly bract covering 
it (fig. 129). Bracts sometimes continue attached to the 
fruit, as in the oak, hazel, hop, and fir. The cup of the 

Fig. 128. — Head of flowers of Marigold, consisting of numerous 
flowers,/, enclosed by bracts, z, which fomi an involucre or covering 
outside the mass of flowers. 

Fig. 129.— Catkin {Amentum) of the Walnut, bearing numerous 
flowers, each of which has a scaly bract at its base. 

II 
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Fig. 132. 



acorn (fig. 216, p. 154), the husk of the common filbert 

Fig. 130. — Receptacle or part of the Dandelion on which the 
flowers are placed. It is represented in the dry state when the 
plant is in fruit, and the bracts, ft, surrounding the head of flowers 
are turned hack so as to allow the fruit to he easily scattered by the 
wind. The fruit is seen, with the calyx attached and appearing 
above in the form of hairs or pappus. 

Fig. 131. — Peduncle or floral axis of Fumitory {Fumaria 
ojfficinali8)f bearing numerous flowers (multifloral). Each flower is 
attached to the rachis or floral axis by a shoii; stalk csllled a pedicel, 
at the base of which a leaflet called a bractlet is produced. The 
length of this bractlet, as compared with the pedicel of the fruit, is 
useful in determining the species of fumitory. 

Fig. 132. — Butchers-broom, showing leaf-like flower-stalks bear- 
ing clusters of flowers. 
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(fig. 215, p. 154), the scales of the hop-fruit, and those 
of the cone (fig. 220, p. 155), are bracts. 

Some flowers are supported on a stalk called a 
peduncle, while others have no stalk and are called 
sessile. A flower-stalk may support one flower, as in the 
pimpernel and snowflake (figs. 125 and 126), or it may 
support many flowers, as in the narcissus and the mari- 
gold(figs. 127, 128). In the dandeHon (fig. 130) the top 



of the peduncle is flattened, so as to form a receptacle for 
many flowers. In the common red currant, in germander 
speedwell, and in fumitory (fig. 131), we have instances 
of elongated flower-stalks having many flowers borne 
on short stalklets, and arranged alternately. Flower- 
stalks are broadened like leaves in the butchers-broom 
(fig. 132), and they become large and succulent in the 
cashew, where they constitute what is called the cashew- 
Fig. 133. — Fniit of Fig. This is a succulent stalk, or peduncle, 
curved so as to form a hollow receptacle, on which numerous flowers 
are placed, eacli bearing a single-seeded fruit resembling a seed. 

Fig. 134. — The Wig-tree (Rhus Cotinus)^ so called on account 
of its flowering stalks bearing hairs in place of flowers. In the 
figure a solitary flower is shown ; all the rest are aboi-tive. 




Fig. 13.S. 



tig. 134. 
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Pig. 136L 



Fig, 135. — Fruit of Cashew (Anacardium ocddentale), jp, en- 
larged peduncle ; a, fruit or nut 

Fig. 136. — Flowering stem of Gtentianella {Oentiana acaulis). 
The plant produces a single flower, and it is called unifloral. The 
termination of the axis, a, bears two leaves or bracts, c. The flower, 
b, with its calyx and corolla, terminates the axis. This is the 
simplest form of definite inflorescence. If other axes are produced 
in such a case, they arise from the axil of the bracts, c, and the 
flowers expand after the central one, b, or in what is called a centri- 
fugal manner. Each axis ends in a solitary flower. 

FJ^. 1B7. — Flowering stalk of Clove-pink (JHanthibs Caryo- 
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apple bearing the fniit or nut (fig. 135). The fig pre- 
sents a hollow peduncle bearing numerous flowers inside 




Fig. 188. Fig. 189. 

(fig. 133). In the wig-tree some of the peduncles 
bear hairs in place of flowers (fig. 134). 



phyllua). The flowers form a fascicle. The inflorescence is definite 
and centrifugal — the central flower expanding first, afterwards those 
at b and c. 

Fig. 138. — Spike of Verbena, consisting of sessile flowers, which 
expand from below upwards (centripetally). 

Fig. 139. — Head of flowers of Scabious. The outer flowers 
open first, and the inflorescence is centripetal — i.e. from without 
inwards to the centre. 
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In fig. 136 there is shown a' flower of gentianella, 
which terminates the axis and is solitary. It is a simple 
instance of definite flowering. Should other flowers he 
produced, they will be developed on separate axes in a 
centrifugal manner — ix, farther and faiiiher from the 
central flower, which is the first to expand. In fig. 137 




Fig. 140. Fig. 141. 



there is an instance of a many-flowered definite inflores- 
cence in the carnation. The central flower is shown 
fully expanded. It terminates the primary axis. The 
second flower, is not yet expanded fully. It is pro- 
duced on a secondary axis farther from the centre ; 
while the flower, c, is still less expanded, and is pro- 
Fig. 1 40. — Raceme of Red Currant. Stalked flowers on a length- 
ened axis. Inflorescence centripetal — i.e. from below upwards. 

Fig. 141. — Simple umbel of Cherry. Stalked flowers arising 
from a common point. 
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duced on a tertiary axis still farther from the centre. 
These, then, are two cases of definite inflorescence — the 
first being one-flowered, the second many-flowered. 

Fig. 138 is an example of indefinite inflorescence 
in which the axis elongates and the lower flowers are 
first expanded — the others being developed in regular 
succession from below upwards. In fig. 139 there 
is another form of indefinite inflorescence, in which the 
axis is shortened and the outer flowers expand first. 




Fig. 142. 



while the inner ones expand in succession from without 
inwards towards the centre — z.e. centripetally. 

Certain kinds of inflorescence have received names 
which are much used in the description of plants, and 
which it is necessary to explain. Numerous stalked 
flowers placed alternately on a common floral axis con- 
stitute a raceme, as in the currant (fig. 140). A similar 
arrangement, in which the fiowers have no stalks, is a 
spike, as in common verbena (fig. 138). When the 

Fig. X42.— Compound umbel of Common DilL One primary 
umbel and numerous secondary umbels. 
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floral axis is shortened, and numerous stalked flowers 
come off from the end of a common peduncle, like the 
radii of a circle, an umbel is formed (fig. 141). The 
umbel is often compound — that is, there is a second 
umbel formed at the end of each of the stalks (pedicels) 
coming from the common peduncle, as in many umbel- 
liferous plants (fig. 142). When flowers arise from the 
end of the common peduncle and have no stalks, but 




Fig. 143. 



are sessile, then a head is formed, as in the dandelion, 

daisy, marigold (fig. 128, p. 97), and thistle (fig. 143). 

A variety of raceme called a corymb is produced by 

the lower flowers having longer stalks than the upper 

ones on the axis, so that all the flowers are nearly on a 

level at the summit. The spike, when the axis is 

fleshy and all the flowers are enclosed in a sheathing 

Fig. 143. — Head of flowers of Scotch Thistle. Peduncle, a, 
flattened out at the end and bearing numerous flowers, c. Bracts, 
ft, surrounding the flowers in the form of an involucre. 
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bract (spathe), is called a spadlx, as in cuckoo-pint (fig. 
144), and palms ; and when the flowers are covered by 
scaly bracts, as in the willow, hazel, beech, and walnut 
(fig. 129, p. 97), the name catkin is applied. 




The cyme is a form of definite or determinate inflores- 
cence in which more than one floral axis is developed, 
as in geranium. In the chickweed order floral axes are 
usually developed in pairs from the pre-existing axes. 

Fig. 144. — Spadix or Bucciileiit Hpike of ciickoo-pint (Armii 
imculatum), 1 Exlii])itH tlio Hagittate leaf, the Hi)atlie or Hhoatli- 
ing bract, ft, rolled round tlie H})a<lix, the apex of whicli, «, Ih Heeii 
jirojecting. 2 ShowH the H})athe, ft, cut longitudinally, ho aH to diH- 
play the Hpadix, a. /, Female llowern at the bawo. w, Male 
flowers. On the spadix above the male ilowera there arc uuiuerou» 
abortive flowers indicated by hair-like projectioua. 
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and to this form the name dichasium or dichasial cyme is 
given (fig. 145.) In the Forget-me-not {Myosotis palus- 




Fig. 146. 



tris, fig. 146), the inflorescence is at first a dichasium, 
but on the secondary axes the flowers are produced on 

Fig. 145. — Inflorescence (dichasial cyme) of the Mouse-ear Chick- 
weed (Oerastium tetrandrum). First axis ends in a single flower, a, 
which opens first. This axis bears two bracts, ft, each of which 
gives origin to a secondary axis, each ending in a single flower and 
bearing two bracts, c c, which in their turn give rise to tertiary 
one-flowered axes. There are thus one primary flower, two secondary, 
four tertiary, eight quaternary, and so on. 

Fig. 146. — Scorpioid inflorescence of Forget-me-not {Myosotis 
palustris). The floral axis arises from a leaf, c, and ends in a soli- 
tary flower, a. From this axis proceed in a forking manner scorpioid 
racemes, h b. The flowers are developed on one side only (uni- 
lateral or secund), and the whole inflorescence is curved like the 
shell of a snail or the tail of a scorpion. 
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one side only in a racemose manner, the whole being 
twisted on itself like a scorpion's tail ; hence the names 
scorpioidal applied to the inflorescence and scorpion- 
grass to the plant. 

Figs. 147, 148, and 149 show the different modes 




Fig. 149. 



of inflorescence. Fig. 147 shows indefinite inflores- 
cence, in which the lower floret (1) expands first, and 
then the upper floret (2). Fig. 148 shows definite in- 
florescence, where the terminal floret (1) opens first, 
and then the lower floret (2). Fig. 149 shows definite 
inflorescence with numerous floral axes. The first floral 
axis bears a flower (1), which opens first ; then come 
off" two floral axes (2 2), the flowers of which expand 
next ; then each of these gives off two floral axes (3 3, 
3 3), which expand third in order, and so on. 
Figs. 147, 148, 149. — Forms of indefinite and definite inflorescence. 
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QUESTIONS. 

1. What are the organs of reproduction in flowering 
plants ? 

2. What is meant by phanerogamous plants ? 

3. What is meant by cryptogamous plants ? 

4. What is the meaning of inflorescence ? 

5. What are bracts ? 

6. What is meant by a spathe ? Give an example. 

7. Mention some of the forms which bracts assume. 

8. Describe indefinite inflorescence. 

9. What is meant by the centripetal expansion of 
flowers ? 

10. Describe definite inflorescence. 

11. What is meant by the centrifugal expansion of 
flowers 1 

1 2. What kind of bracts occur in palms ? 

13. What are glumes ? 

14. What arrangement of bracts is seen in the dande- 
lion and the daisy ? 

15. What is meant by the term involucre ? 

16. What is a peduncle ? 

17. What is meant by the receptacle of the flowers ? 

18. What kind of flower-stalk occurs in the butchers- 
broom ? 

19. Describe the peduncle of the cashew and of the fig. 

20. Describe a raceme and a corymb, and give an 
example of each. 

21. Describe an umbel, and give an example. 

22. Describe a head of flowers, and give an example. 

23. Describe a spike and a spadix, and give an example 
of each. 

24. Describe a catkin, and give an example. 

25. What is meant by a cyme ? Give an example. 

26. Describe scorpioidal inflorescence, and give an 
example. 

27. What is meant by a dichasium or dichasial cyme ? 
Give an example. 
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11. — The Flower and its Parts. 

Floral Symmetry, — Tlio parts of the flower aro 
usually arranged in four series, or whorls — that is to 
say, in four sets of leaves or modified leaves arranged 
in alternating rows, — 1. The calyx, 2. the corolla, 3. 
the stamens, 4. the pistil. Those parts are seen in 
figs. 150 and 151, in which c is the calyx, p the corolla, 
8 the stamens, and h the pistil. In fig. 150 the dilfer- 




Pig. 160. Fig. 151. 



ent series of the flowers are complete ; in fig. 151 the 
calyx and corolla are removed. These parts aro looked 
upon as leaves altered to suit the particular func- 
tions which each row performs, and sometimes ap- 
pear in the form of true leaves without any marked 
modification. The inner two of the series are essen- 
tially connected with the production of seed, and are 

Pig. 160.— Flower of Common Wallflower. «, The flower-stalk, 
c, the calyx, the corolla, 5, the stamens. 

Fig. 151. — Same flower with calyx and corolla removed. Stamen, 
ff, pistil, h — its upper part called the stigma, r the receptacle to 
which the parts of the flower are attached, g a small gland at the 
base of the stamen. 
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called essential organs (fig. 151). The outer two are 
protective and nutritive organs, and are called floral 
envelopes. When flowers become double, the stamens 
and pistil are more or less completely changed into 
parts resembling the outer series, and when the altera- 
tion is complete no seed is produced. In the eyes of a 
florist the more perfect the change the finer is the flower ; 
while the botanist looks upon such flowers as monstrous, 
and imperfect as regards the function of reproduction. 
Double flowers, such as the camellia, often show well 
the spiral arrangement and alternation of the parts. 

The parts of each series or whorl are arranged like 
leaves on the principle of alternation, and there is an 
evident symmetry as regards the number of the parts. 
The numbers which generally prevail in the flower are 
2, 3, and 5, or multiples of them. Thus, if a flower 
has 5 parts of the calyx, it has usually 5 of the corolla 
alternating with them ; 5, 10, or 20 stamens ; and 5, 
or some multiple of 5, in the parts of the pistil. So 
also with those flowers which have 2 or 3 parts in the 
calyx. In fig. 152 a diagram is given showing the al- 
ternation of the 5 parts of each whorl of the flower. 
It is worthy of notice that flowers exhibiting 2 or 5, or 
multiples of these numbers, in their whorls, usually 
belong to plants having two seed-lobes or cotyledons, 
and which, when they form permanent woody stems, 
exhibit distinct zones or circles, and are exogenous ; 
while flowers having 3, or a multiple of 3, in their 
whorls, present only one seed-lobe, and when they form 
permanent woody stems exhibit no distinct zones or 
circles, and are endogenous. The number 2, or a mul- 
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tiplo of it, is seen also in the parts of fructification of 
floworloss plants which have no sood-lobos, such as 
ferns, mosses, and seaweeds. The processes which pro- 
ject from the um-like cases of mosses are arranged in the 
series 4, 8, 1 2, 1 6, 32, 64, etc. The parts of fructificati(m 
of scale-mosses {Jiinijennanniui) are in fours, as also the 
germs of some seaweeds. In general the numbers 2, 
3, and 5 prevail, with their multiples, and we have thus 
the leaf-series 2, 3, 5, 8, as mentioned at page 58. 




tig. 162. Fig. 158. Fig. 164. 



The parts forming the individual flower are arranged 
in a whorled manner, but in reality each whorl is a 
complete spiral cycle, the coloured leaves of which 
are placed closely together. Each separate whorl, or 
whorled cycle, alternates with that next to it. The 

Pig. 152. — Diagram to sliow tlie arrangement of the partH of 
the flower. There are 4 whorls, each conHisting of live pai-ts, 
which alternate with those next them. 

Fig. 153. — Irregular gnmopetalous wheel-like corolla of Speed- 
well ( Veronica). The irregularity couHiHtH in the (lifTeront sizes of 
the lobes of the corolla, especially the lower lobe, /, which is much 
smaller than the rest. The stamens are two, aiul the style one, so 
that the flower is Diandrous and Monogynous. 

Fig. 164.— Irregular gamopetalous labiate corolla of the Dead- 
nettle (Lamium alhuvi). The up})er lip, w, is composed of two 
petals united, the lower lip, of three. Between the two lips (labia) 
tliere is a gap (hiatus). The throat is the part where the tube and 
the labiate limb join. On account of the arching of the upper lip 
this corolla is called ringent 
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arrangement of the parts of the flower of a plant does not 
always correspond witli that ohserved in the leaves. Thus 
in the Iris the leaves of the creeping stem have a diver- 
gence of if while in the flower the number is f . In Gen- 
tianella the leaves are in pairs at right angles to each other, 
while the floral leaves have a divergence of |-. There is 
sometimes a diflerence also in the numbers expressing the 
divergence of the different whorls of the same flowers. 

There is frequently an interference with the law of 
sjrmmetry in the flower by adhesion, by abortion, or by 
non-development of parts. The symmetry of a flower 
must be viewed to a certain degree independently of its 
regularity or irregularity of form. Symmetry has re- 
ference to number and arrangement of parts, regularity 
to size and appearance. A flower may be irregular in 
its form, and yet its parts may be symmetrical Thus 
the common veronica or speedwell (fig. 153) is irregular 
in its corolla, some parts being larger than others, yet 
the numbers 2 and 4 prevail in the flower — ^viz. 4 parts 
of the calyx, 4 of the corolla, 2 stamens, and 2 parts of 
the pistil We often notice, however, that any cause 
which gives rise to want of symmetry also causes irregu- 
larity in form. By cohesions of various kinds there ap- 
pears to be sometimes an interference with the proper 
number of parts in a whorl Thus, in labiate or lipped 
plants there are two lips of the corolla, and thus apparently 
only two parts, but in reality there are five, of which two 
cohere to form the upper lip, and three the lower (fig. 154). 
In slipperwort (Oypripedium) there are two in place of 
three parts of the calyx, in consequence of the cohesion 
of two. l^on-development is a constant cause of want of 
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the flower has only one covering, and is called mono- 




Fig. 167. Fig. 158. 



chlamydeous (figs. 155, 157). In such a case the stamens 

Fig. 155. — Flower of Pellitory {Parietaria officinalis). It con- 
tains four stamens, the filaments of which are incurved in the early 
state, and ultimately bend back with elastic force, so as to scatter 
the pollen, s. There are four divisions of the perianth, or floral en- 
velope, c. The flower is monochlamydeous. The rudiment of a 
pistil is seen in the centre. 

Fig. 166. — Flower of Euphorbia. The whole flower consists of 
a stamen, b, supported on a peduncle, to which it is united by an 
articulation at a. The flower is naked (achlamydeous). In some 
Euphorbias a perianth, or floral envelope, appears at the joint. 

Fig. 157. — Staniinate or staminiferous flower of Mulberry (Moms 
nigra), showing a four-partite calyx, and four stamens with long 
filaments and two-lobed anthers. The flower is monochlamydeous, 
from absence of the corolla, and the stamens are opposite (super- 
posed to) the segments of the perianth on account of the suppression 
of the coroUine whorl. 

Fig. 158. — Pistillate or pistilliferous flower of the Nettle 
( (Trtica), consisting of a two-leaved perigone, or floral envelope, jj, 
with a single pistil. The pistil consists of an ovary, and a sessile 
tufted stigma, s, 

I 
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are placed opposite to, or superposed to, the parts of the 
-whorl next them, in place of heing alternate. A scale 
or scales may occupy the place of calyx and corolla ; and 
sometimes there is a complete want of both these parts 
(fig. 156). In a perfect flower stamen and pistil are 
present, but if these organs are in separate flowers, we 
have a flower bearing stamens and no pistil, and called 
staminate, as in fig. 157, or a flower bearing a pistil and 
no stamens, and called pistillate (fig. 158). 

These varieties may be represented thus — the line 
( — ) indicating the presence of a part, while the letter 
marks its absence : — 

1. Perfect flower, with five parts in each whorl (pentamerous 
symmetry) — Dichlamydeous. 
Calyx (5 sepals) — — — — 
Corolla (5 petals) — — — — 
Stamens (five) — — — — 
Pistil (5 carpels) — — — — 

2. Pentamerous flower, having no corolla — Monochlamydeous. 

Calyx — — — — — 
Corolla 

Stamens — — — — — 
Pistil — 

3. Pentamerous flower, with no floral envelopes — Achlamydeous. 

Calyx 
Corolla 

Stamens — — — — — 
Pistil _ — _ _ _ 

4. Pentamerous flower, having stamens only — Staminate ; no 
envelopes and no pistil. 
Calyx 
Corolla 

Stamens — • — — — — 
Pistil 0- 
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5. Pentamerons flower, with pistil only — Pistillate ; no enve- 
lopes and no stamens. 
Calyx 
Corolla 

Stamens 
Pistil — — — — . — 

In many such flowers the non-developed part re- 
quired to complete the symmetry is present in an im- 
perfect state. Often in pistilliferous flowers of the red 
campion partially-developed stamens are seen, while in 
the staminiferous flowers an imperfect pistil is detected. 
Some cases of partial development help to confirm the 
law of symmetry. Thus in Gloxinia the envelopes are 
in five parts, but there are only four stamens. On close 
examination, however, the fifth stamen is seen in the 
form of a small projecting point. That this is in reality 
an abortive stamen is proved by it occasionally becom- 
ing perfect under cultivation. Along with this per- 
fecting of the fifth stamen, the corolla also, in place of 
being irregular and inclined, becomes regular and erect. 

The symmetry of the pistil and fruit is often inter- 
fered with. Certain parts become abortive, and some 
increase at the expense of others, especially when they 
become fleshy. Thus in the olive the symmetry is 
dimerous, or of two parts, but there is only one part in 
the ripe fruit. In the coco-nut the symmetry is tri- 
merous, or represented by the number 3 ; in the ripe 
fruit, however, there is a single cavity and one seed, the 
other two being abortive. This abortion is proved by 
examining the shell of the coco-nut, in which there are 
three evident ridges indicating the three original parts. 

By careful examination we can often account for 
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apparent anomalies. Thus in the fumitory (fig. 131, p. 
98) there are two parts of the calyx, four of the corolla — 
that is, two and two — and six stamens. The latter, how- 
ever, are found to be in reality four, inasmuch as two of 
them are formed each by a split stamen. It is repre- 
sented thus — the long line indicating a complete part, 
the short lines indicating that the part is split into two : 

Calyx, 

Corolla, 1st row, 

Do. , 2d row, 

Stamen, 1st row, 

Do., 2d row, — — — — 

Times of Floioermg. — The flowering of plants takes 
place at different periods of the year, and thus a calendar 
of the seasons may be constructed. By observing the 
exact time when plants in the same garden flower in 
different years, an indication will be given of the nature 
of the season. The mezereon and snowdrop, hepatica 
and winter aconite, put forth their flowers in February 
in this country, the primrose and crocus in March, the 
cowslip and daffodil in April, the hawthorn in May, the 
great mass of plants in May and June, many in July 
and August, the ivy in September, the meadow-saffron 
and strawberry-tree in October and November, and the 
Christmas rose in December. Some plants, like the daisy, 
produce their flowers throughout the whole season. 

Besides annual periods, some flowers exhibit diurnal 
periods of expansion and of closing. On this fact Lin- 
naeus constructed what he called a floral clock, in which 
each hour of the day was marked by the opening of 
some flower. While most flowers open during the 
day^ there are some which expand their flowers in the 
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evening, and are called night-bloomers. To that class be- 
longs the night-flowering cerous {Cmms (jrandijlorus), a 
kind ©f cactus which unfolds its flowers about nine or 
ten o'clock at night. 

The closing of flowers also follows a periodical law. 
Most flowers close during darkness. Some close even 
in daylight. Thus the salsafy shuts up its heads of 
flowers 'about mid-day, and the chicory about four in 
the afternoon. Many flowers are affected by the nature 
of the day as regards moisture, dryness, cloudiness, or 
clearness, and are called meteoric. In cloudy and rainy 
weather the flowers of the scarlet or " i)ink-eyed pim- 
pernel," called poor man's weather-glass (fig. 125, p. 95), 
remain closed. So also do the heads of flowers of the 
daisy, dandelion, and other composite plants. By this 
means the essential organs of the flower are protected 
from injury. The direction of the flowers of some 
plants seems to be influenced by the sun's rays ; and 
the name girasole, or sunflower, was given from an im- 
pression that the heads of flowers inclined towards the 
part of the heavens where the sun was shining. Tliis 
does not, however, appear to be the case with the sun- 
flower as grown in this country. One of the species of 
girasole is the plant called Jerusalem artichoke. The 
first part of the name is a corruption of girasole, and 
the latter is given from the taste of the roots being like 
that of the common artichoke. 

QUESTIONS. 

1. What are the parts of the flower ? 

2. What is meant by the essential organs of the flower ? 

3. What is meaut by the floral envelopes ? 
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4. How do flowers become double ? 

5. What numerical series do the parts of the flower 
follow 1 

6. What numbers prevail in the flowers of exogens ? 

7. What number prevails in the flowers of endogens ? 

8. What number is conspicuous in flowerless plants ? 

9. What is meant by symmetry in flowers ? 

10. How is floral symmetry interrupted ? 

11. What is the meaning of superposed organs ? Give 
an example.* 

12. What is meant by a symmetrical flower ? Give an 
example. 

1 3. What is meant by an unsymmetrical flower ? Give 
an example. 

14. What is meant by a regular flower ? Example. 

15. What is meant by an irregular flower ? Example. 

16. What is meant by a dichkmydeous flower ? Give 
an example. 

1 7. What is meant by a monochlamydeous flower ? 
Give an example. 

18. What is meant by an achlamyd^ous flower ? Give 
an example. 

19. What is meant by a staminate flower ? Example. 

20. What is meant by a pistillate flower ? Example. 

21. Explain the meaning of a pentamerous flower. 

22. Explain the meaning of a trimerous flower. 

23. Describe a labiate corolla, and give an example. 

24. Describe the flower of the veronica (common speed- 
well). 

26. Mention the parts of the flower in wallflower. 

26. How is a floral calendar formed to indicate the 
months of the year ? 

27. How is a floral clock formed to indicate hours of 
the day ? 

28. Give an instance of a plant expanding its flowers 
late in the evening. 

29. What is meant by meteoric flowers 1 

30. Whence does the sunflower derive its name ? 
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^Estivation, — ^The arrangement of the parts of the 
flower in the flower-bud is called sestivation, and it follows 
the same law a^ we have already seen to regulate the 
leaves in the leaf-bud — the parts being either applied 
laterally to each other, or folded or rolled up in dif- 
ferent ways. Sometimes the parts overlap each other 
like the tiles of a house, at other times they are twisted- 
upon each other, as in the mallow. Each flower has 
its own kind of SBstivation. 

The Calyx, — This is the outer covering or envelope 
of the flower. It is usually of a greenish hue like 




Fig. 169. Fig. 160. Fig. 161. 



leaves. Sometimes, however, it is coloured, as in the 
fuchsia and Indian cress. It consists of a certain num- 
ber of parts called sepals, which are either distinct from 
each other, when the calyx is polysepalous, as in the 
common buttercup and wallflower (fig. 150, p. 109), or 

Fig. 159. — Gamosepaloas five- toothed (quinque-dentate) calyx 
of Campion (Lychnis), 

Fig. 160. — Gamosepalous five-partite (quinque-partite) calyx of 
Pimpernel {Anagallia), surrounding the pistil, which is composed of 
ovary, style, and stigma. 

Fig. 161. — Bilabiate gamosepalous (monosepalous, synsepalous) 
calyx of the Dead-nettle {Lamium). It is composed of two lips, 
the upper lip formed by three sepals, the lower by two. One of 
the upper sepals stands prominently out from the rest. The tube 
is formed by the united sepals, the free part of the calyx forming 
the limb, and the opening being the faux or throat. 
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are united together more or less completely, when the 
calyx is gamosepalous (monosepalous), as in the harebell, 

I 




Fig. 162. Fig. 163. Fig. 164. 



gentianella, dead-nettle, and campion (fig. 159). The 
calyx is either regular — that is, has all its parts or sepals 
equal, as in the pimpernel (fig. 160) ; or it is irregular — 

Fig. 162. — One of the central flowers of the Sunflower {Heli- 
anihus). The corolla is gamopetalous, five-toothed at the apex, 
the calyx is adherent to the fruit, and the limb of the calyx appears 
above the fruit in the form of a membrane, with pointed projec- 
tions. The calyx, c, is called superior, because it is above the fruit. 
Extending beyond the corolla are seen the stamens and pistil. 

Fig. 163. — Calyx, c, of Madder {RvMa) attached to the pistil, 
appearing above it in the form of a rim. The calyx is called ob- 
solete. 

Fig. 164. — Irregular gamopetalous (monopetalous, sympetalous) 
ligulate flower of Ragwort (Senedo), It is a tubular floret, split 
down on one side, with the unitefl petals forming a strap-like 
projection, I. The lines on the flat portion indicate the divisions 
of the five petals. From the tubular portion below, the bifid style 
projects slightly. The fruit (achaenium), a, is surmounted by hairs 
(pappus), which are the metamorphosed calyx. 
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that is, has its parts unequal, as in the dead-nettle (fig. 
161), and in larkspur where it is spurred, and in monks- 
hood where it is like a hood. The calyx, in the case of 
the gooseberry, currant, cucumber, pear, apple, pomegra- 
nate, sunflower (fig. 162), and many other plants, forms 
a covering of the fruit, and remains attached to it when 
ripe. In such cases the limb of the calyx is placed 
above the ovary. In some instances the calyx falls off 
very early, as in the poppy. In some plants the calyx 
is inconspicuous, and is reduced to a mere rim or slight 
projection, as in hemlock, and in certain rhododendrons, 
and in madder (fig. 163). In plants, such as the thistle 
and dandelion, which belong to the large division called 
composites, having numerous small flowers on a common 
head, the calyx is united to the fruit, and appears at the 
upper end of it in the form of hairs or pappus (fig. 164). 
This hairy condition of the calyx is made subservient 
to the scattering of the seed (fig. 130, p. 98), and in 
the case of thistles is the means of diffusing extensively 
these noxious weeds. 

The Corolla. — This is, generally speaking, the showy 
part of the plant, in which the gay colours of the flower 
reside. It is sometimes wanting, as in nettles, willows, 
and catkin-bearing trees, such plants having only a 
calyx or bracts covering the essential parts of the 
flower. When present it consists of a number of leaves 
called petals, which are either distinct from each other, 
when the corolla is polypetalous, as in the buttercup, 
wallflower, cinquefoil, rose, and stonecrop (fig. 165), or 
united together in various ways, when it is gamopeta- 
lous, as in the gentian (fig. 136, p. 100), foxglove, frogs- 
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mouth, dead-nettle, and harebell (fig. 166). A corolla 
is regular when its petals or its lobes are of equal size, 
as in the strawberry (fig. 167), which has separate 
petals, and in the harebell (fig. 166), which has united 
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petals; and it is irregular when the petals or the 
lobes of the corolla are of unequal size, as in the pea, 
speedwell, and dead-nettle (figs. 171-173 ; 153, 154, p. 
111). Some irregular- corollas, especially those of or- 
chids, present curious forms, resembling insects, such 
as butterflies, bees, and spiders. 

The petals are composed of a congeries of minute 
ceUs, each containing colouringmatter, and delicate spirals 
interspersed, all being covered by a thin epidermal coat 
or skin. The coloured cells are distinct from one another, 
and thus a dark colour may be at one part and a light 
colour at another. One of the most beautiful objects 
under the microscope is the petal of a pelargonium. 

Fig. 165. — ^Polypetalous corolla of Biting Stonecrop {Sedum 
acre). It is composed of five separate petals, and* hence Is penta- 
petalous. There are ten stamens in two rows, and live carpels. 

Fig. 166. — Regular gamopetalous bell-shaped (campanulate) 
corolla of Harebell (Campanula rotundifolia). It is composed of 
five petals united. The ovary is inferior, and is united to the calyx, 
c. Calyx superior (epigynous). 

Fig. 167. — Rosaceous corolla of the Strawberry {Fragaria vesca), 
composed of five petals without claws. The points of the calyx are 
seen alteraaUng with the white petals. 
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Petals assume various forms ; some are flat, others 
folded, or hollowed in various ways. In the carnation 
there is a long narrow portion called the claw ; in mig- 
nonette the petal is divided into segments (fig. 1G8); 
in columhine the petals are hollow, and fonn a long 




Fig. l&J. Fig. 170. Fig. 178. 



spur at the base (fig. 169) ; in monkshood .two of them 
are hollow and raised on long stalks (fig. 170, p) ; they 
are concealed under the hood-like sepal. There are 

Fig. 168. — Petal of Mignonette divided at the apex into nume- 
rous narrow segments. 

Fig. 109. — Horn-like hollow petal of Columhine. 

Fig. 170. — Two peculiar horn-like stalked petals, jw, of Monks- 
hood. Below the X)etals are seen numerous stamens attached to tlio 
receptacle. 

Fig. 171. — Standard (vexillum) upper petal of a i)apilionaceous 
Uower (blossom like that uf the pea). 

Fig. 172. — One of the wings (alee) or side petals of a papilion- 
aceous flower. 

Fig. 173. — Keel (carina) of papilionaceous ilower. It is fonued 
of two petals. 
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certain fbnns of corolla which deserve notice. Among 
polypetalous corollas some are regular, as the rose and 
strawberry (fig. 167); others are irregular, as the pea. 
In the wallflower (fig. 150, p. 109) there are four 
petals arranged like a cross, and hence the corolla 
is called cruciate. In the pea the flower is called 
papilionaceous (butterfly-like); it consists of a large 
upper enveloping petal called the standard (fig. 171), 
two side ones called wings (fig. 172), and a boat-shaped 
body called the keel (fig. 1 73), formed by two cohering 
petals which enclose the essential organs. 

In orchids the floral envelopes are in two rows, 
both coloured, each consisting of three parts, the outer 
being the calyx, and the inner the corolla. One of the 
petals of the latter has usually a marked form, and is 
called the label (lip), (fig. 192, 1, p. 140). 

Among gamopetalous (monopetalous) corollas there 
are also regular and irregular forms. In the harebell, 
the corolla is regular and bell-shaped (fig. 166, p. 122) ; 
the central yellow flowers in the head of the daisy are 
tubular and regular, while the outer white flowers are 
ligulateand irregular (fig. 164, p. 120). In the pimper- 
nel, the corolla is regular and wheel-shaped (fig. 125, 
p. 95) ; in the speedwell, irregular and wheel-shaped 
(fig. 153, p. 111). In the dead-nettle, there is an irre- 
gular-lipped corolla (fig. 154, p. 111). 

Appendages to the corolla are seen in the fringes of 
the passion-flower, in the crown of the narcissus, and 
in the scales of the comfrey. These are modifications 
of parts of the flower, more especially of the petals and 
stamens. They have sometimes received the name of 
nectaries. 
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Colours of Flmoers. — ^The colours of flowers are 
arranged in two series, the yellow and the blue. A 
plant belonging to the yellow series may exhibit all 
the tints of white, yellow, and red, but it does not 
appear to have the power of becoming blue. So also 
with a plant of the blue series ; it too may exhibit 
varying tints of white and red and blue, but generally 
refuses to become yellow. The tulip, the dahlia, and 
the rose belong to the yellow series ; and while, by 
cultivation, they exhibit innumerable changes, yet they 
have not been made blue. The common harebell be- 
longs to the blue series, and is not seen to assume the 
yellow. Such appears to bo the general law, although 
there are, no doubt, some apparent exceptions, especially 
in cases (as the pansy) where blue and yellow occur 
in the petals of the same flower. But it remains to be 
proved that a truly yellow petal can be changed into 
blue by the art of the gardener. 

Blue can pass into red by moans of acids, and can 
present all the colours resulting from the mixture of 
blue and red. Yellow is capable of reddening by oxy- 
genation (i.G,, by the action of oxygen), and also by 
acids (as in the yellowish juice of some cells of the 
leaves of red cabbage), and hence yellow flowers may 
pass to red, and present all the intermediate shades. 
The red colour, however, of the blue and yellow series 
is not the* same. That of the yellow series seems to 
be less common in loaves than in flowers ; that of the 
blue series is the reverse. The two kinds of red (one 
belonging to the blue and the other to the yellow) are 
sometimes united in the same flower, which may thus 
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present every imaginable variety of colour. This, how- 
ever, is a rare occurrence. 

It has been observed that the colours which unite 
in forming the white light of the sun's ray may be 
reduced to three — ^red, yellow, and blue. These have 
been called primary colours. Each of these primaries 
requires the other two in order to form a white colour. 
Hence the latter are called complementary, being neces- 
sary to make up the complement of colours in white 
light Thus, red has green (made up of blue and 
yellow) for its complementary colour ; blue has orange 
(made up of yellow and red) ; and yellow has purple 
(made up of red and blue). 

Dr. Dickie has devoted attention to the colour of 
flowers, whether regular or irregular, and the follow- 
ing is the result of his observations : — " The primary 
colours, as red, yellow, and blue, are generally present 
in some part or other of the plant In regular corollas 
the colour is uniformly distributed, whatever be the 
number of colours present. That is, the pieces of the 
corolla being all alike in size and form, have each an 
equal proportion of colour. In the primrose there is 
one colour, uniformly distributed. In the Chinese 
primrose there are two, the eye or centre being yellow, 
and the margin showing the complementary colour 
purple. Each of the parts, in the latter instance, has 
an equal proportion of yellow and purple. Again, ir- 
regularity of corolla is associated with an irregular dis- 
tribution of colour. An odd lobe or petal of such a 
corolla is often as much varied in colour as it is in form 
and size. This difference is seen in some pea-blossomed 
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flowen, in the lip of some labiate plants as galeopsis, 
and in the violet. In composite plants, as asters, 
daisies, etc., there are two forms of corolla; one in 
the centre,- regular and of one kind of colour, and the 
other in the margin or ray, irregularly and differently 
coburei"* 

Chevreul has made some interesting observations 
on the simultaneous contrast of colours. He remarked, 
that when two coloured objects, say rod and green, are 
placed side by side, or so near to each other as to be seen 
together, the quality and intensity of the separate colours 
do not appear the same as when looked at separately. 
Thus the same rod object will have a different hue if 
seen side by side with a green, with a yellow, and with 
a blue object, and these colours will in their turn be 
modified to the eye by their juxtaposition with rod. A 
similar statement may be made as regards shades or tints 
of the same colour when placed together. 

Contrast of colour occurs according to the principle 
that every colour adds its complomontary to the colours 
placed near or beside it. Thus, rod causes the colours 
near it to appear as if its complomontary green wore 
added to them. Green tints thorn with red ; blue adds 
to other colours orange ; yellow adds to them purple. 
The reason why complementary colours, such as red and 
green, in flowers give pleasure is, because each exalts 
the other, so that the red makes green greener, and 
green mokes red redder, than either would appear alone. 
The eye is gratified with the full colours in these cases, 
not in virtue of some vague recognition of comple- 
• * M'Cosh and Dickie on " Typical Forms." 
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mentary colours, but because by no other arrangement 
can two colours be made to show so fully and richly.* 

Odours of Flowers. — The fragrance and odours of 
flowers reside generally in the petals. These are owing 
to volatile matters which are not easily detected, the 
subtile particles of which are diffused through the air 
in a way which eludes the researches of man. Some 
colours are associated frequently with certain kinds of 
odours. Thus dark brown flowers, such as those of 
stapelias (fig. 174), have usually very fetid and dis- 
agreeable odours. Hence they are called carrion-flowers, 




Fig. 174. 



and are noted for attracting flies, which probably serve 
an important purpose, as will be afterwards shown, in 
the production of the seed. Sunshine has in general 
a marked effect in developing the odours of flowers. 
Hence in those climates where the sun displays all its 
brightness, the air is perfumed with fragrant odours. In 
many cases, alternate showers and sunshine bring out par- 
Fig. 174. — Flower of Stapelia, having a very fetid odour, and 
hence called carrion-flower. 



* ** Edinburgh New Philosophical Journal," New Series, vol. i. 
p. 168. 
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ticolar odours ; and in some instances the perfumes are 
intermittent, and are only given out during the night. 

The plants called tristea, or sad, by Linnrous, in- 
cluding the night-smelling stock and pelargonium, are 
of this nature, and so are several night- flowering 
species of cereus. The odour of the latter plants seems 
to be in a certain measure intermittent, and comes out 
in pufi& every half-hour from eight in the evening till 
midnight. Morren states that on one occasion the 
flower of Cereus grandifloriia began to expand at six 
o'clock in the evening, when the first fragrance was 
perceptible in the hothouse. A quarter of an hour 
afterwards the first puff of odour took place, after a 
rapid motion of the calyx; at twenty-three minutes 
past six there was another powerful emanation of frag- 
rance; by thirty-five minutes past six the flower was 
completely open ; at a quarter to seven the odour of the 
calyx was the strongest, but modified by the petals. 

QUESTIONS. 

1. What is meant by SBstivation ? 

2. What kind of oBetivation occurs in the mallow ? 

3. What is the calyx ? Of what parts is it composed ? 

4. What is meant by a monosepalous calyx ? 

5. What is meant by a polysepalous calyx ? 

6. What is meant by a regular and an irregular calyx ? 

7. If there is only one floral envelope, which part does 
it represent ? 

8. What is meant by a coloured calyx ? Give an 
example. 

9. What is meant by a pappose calyx? In what 
plants is it observed ? 

10. What is meant by an obsolete calyx? Give an 
example. 
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11. What is meant by an inferior^ and what by a 
superior, calyx ? Give examples. 

12. What is the inner floral envelope ? 

13. What are petals ? 

14. When is a corolla called gamopetalons ? Give an 
example. 

15. When is a corolla called polypetalons ? Give an 
example. 

16. When the corolla is wanting, what is the flower 
called ? Give an example. 

17. What is meant by a regular corolla? Give an 
example. 

18. When is a corolla called irregular ? Give an 
example. 

19. What is the daw of the petal ? 

20. What is meant by a spurred petal? Give an 
example. 

21. What kind of petals are seen in monkshood ? 

22. What are the parts of a papilionaceous corolla? 
Give an example. 

23. What is meant by a cruciate corolla? Give an 
example. 

24. What is meant by a labiate corolla? Give an 
example. 

25. Mention a peculiarity in the petals of mignonette. 

26. What is the part of the corolla called a label in 
orchids ? 

27. Describe a ligulate corolla, and give an example. 

28. What is meant by nectaries ? Give an example. 

29. What series of colours are met with in flowers ? 

30. To which series are the rose, and dahlia, and tulip 
referred ? 

31. To which series does the harebell belong ? 

32. In what tissues is the colouring matter of the 
corolla formed ? 

33. To what are the odours of flowers due ? 

34. What kind of odour usually proceeds from brown 
flowers ? 
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The ^S/om^fiA— These fom the third series of parts 
in the flower (fig. 162, p. 111). In fig. 175 they are 
numerous, and surround the central pistil, which is 
longer than the stamens. like the other parts of the 
flower, they are considered as a modification of leaves. 
In douhle flowers they are converted into petals. They 
consist usually of two parts, a stalk or filament (fig. 
176, y) supporting two small cellular hags at the top 
(fig. 176, a), which are called the anther-lobes ; when 




Pig. 176. Pig. 17«. 



there is no stalk the anther is sessile. The anther con- 
tains a powder (fig. 176, p\ often of a yellow colour, 
called pollen, which is essential tc the production of 
perfect seed in flowering plants. At a certain period 
of growth, this powder is discharged from the anther, 
which opens by slits (fig. 176), or by hinges, as in the 
barberry and laurel, or by holes, as in the heath, rhodo- 
dendron, and potato, to allow its escape. The anther 
has two coverings, the inner of wnich often contains 
elastic spirals, which seem to assist in the opening of the 

Pig. 176. — Flower of Celandine. The calyx has fallen off, the 
fonr petals are seen, numerous stamens and one pistil in the centre. 

Pig. 176. — A stamen consisting of filament, /, anther, a, and 
pollen, discharged from slits in the anther-lobes. 
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lobes. The polleD, or the dust of flowers, when exa- 
mined by the microscope, presents multiplied forms. 
It must be applied to the pistil or central part of the 
flower, in order that the seed may be perfected. 

The position of the stamens in relation to the ovary 
requires special attention. Sometimes they are attached 
to the receptacle — i.e. the upper part of the flower-stalk 
— ^and are then placed below the ovary and free from it, 
as well as from the calyx. In that case they are called 
hypogynous, which means under the ovary (fig. 177). 




Fig. 177. 



Again, the stamens are attached to the calyx to a 
greater or less extent, but free from the ovary — i,e. not 
adhering to it — and then they are perigynous, which 
means around the ovary (fig. 178). 

A third variety is that in which tb^ stamens appear 

above the ovary, and are called epigynous, which means 

Fig. 177. — End of peduncle, p (receptacle or thalamus), bearing 
sepals, Cf petals, p, and stamens, «, sdl separate and all below ovary, o 
(stamens hypogynons). 
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upon the ovary. In this case the calyx is attached 
to the oyaiy, and is epigynous (fig. 179). 

Pig. 178. Fig. 179. 

The stamens, as regards number, bear a relation to 
the other parts of the flower. They are either equal to 
the number of parts in the calyx or corolla, or some 
multiple of them. When there is a want of cor- 
respondence as regards number, it will be found that 
this depends usually on something abnormal. Thus, 
in irregular-lipped plants (fig. 154, p. Ill), there are 
five parts of the calyx and five of the corolla, but fre- 
quently only four stamens, on account of one stamen be- 
ing undeveloped. The stamens in such cases are usually 
of different lengths — two being long and two short, and 
the name didynamous is given (fig. 180). In cruciform 
plants there are four long and two short stamens, and 
the name of tetradynamous is applied (fig. 151, p. 109). 
The number of the stamens is taken into account in the 
linnaean or artificial system of classification, the Greek 
numerals being prefixed to the term andria, meaning 
stamen (see Classification, p. 207). The stamens, like the 

Pig. 178. — Figure showing two stamens, united to the calyx, c, 
and thus surrounding the ovary, which is free in the centre (stamens 
perigynous). Petal, p. 

Fig. 179. — Figure showing two stamens placed above the ovary 
0, and therefore epigynous. Calyx, c, is also epigynous^ 
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sepals and petals, may be eitlier separate or tmitecL The 
union of the stamens may take place by means either of 
their filaments or of their anthers. When the stamens 
are united by their filaments so as to form one bundle 
or brotherhood, they are called monadelphous (fig. 181) ; 
when there are two bundles, they are diadelphous, as 



Rg. 180. Fig. 181. 

in the sweet pea (fig. 182), and in the fumitory (fig. 
131, p. 98) ; and when there are more than two bundles 
they are polyadelphous, as in St. John's wort (Hyper- 
icum), Some think that in the last mentioned case there 
are flattened expansions from the receptacle, each bearing 
many stamens. When the union of stamens takes 
place by the anthers, the stamens are syngenesious or 
synantherous, as in the dandelion, and in composite 
plants generally (fig. 183) ; when the stamens and pistil 
are united on a column, the term gynandrous is applied, 
as in orchids (fig. 192, p. 140), and in birthwort (fig. 
184). The filament is sometimes long and thread-like. 

Fig. 180. — Two long and two short stamens of Foxglove. They 
are didynamous, and are attached to the corolla. 

Fig. 181. — Stamens of Mallow tinited by their filaments so as 
to form one bundle (monadelphous). The anthers are not united. 
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as in grasses (fig. 185) ; at other times it is short and 
thick ; at times it is elastic, and sometimes irritable. 




Fig. 188. Fig. 184. 



The pollen consists of minute cells contained in the 
anther-cases. Sometimes they are united in fours, at 
other times in masses, as in orchids (fig. 186). The 
pollen must be applied to the pistil in order to insure 
the formation of perfect seed containing the embryo 
plant inside. 

Fig. 182. — HtiuiieiiM of Swc^t I*ea ii!iite<l in two ImndloH by 
their fllainentH. In tliin niHo tlicro arc t(*ii KiaiiiciiH, iiino of which 
aro united, and oih* in freo. They are dimlelpiiouH. 

Fig. 183. — Tubuhir corolla of Itagwort {SeTiecio Jucobona) show- 
ing unitod anthcra Hurrouncling the Htyle (HyngeneHiotu or «ynan- 
therouH). The Hingle-Kcoded ovary, o, in Hurniounted by the hairy 
limb of the calyx (i)api)nH). Bifld Htignia, s. 

Fig. 184. — 'J'he HtanienH and piutil, a; the former placexl below 
the part of the latter called the Htigma ; b, inferior ovary ; neen in 
birthwort {Aristolochia), 
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Many beautiful arrangements are made for insuring 
the proper application of tlie pollen to the upper part 
of the pistil The agency of winds, of elasticity, of 
irritability, and of insects, is called into operation in 
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different cases. In the common nettle, and in the 
pellitory of the wall, the stamens have elastic filaments, 
which are at first bent down, so as to be covered by 
the calyx; but when the pollen is ripe, the filaments 
jerk out (fig. 156, p. 113), and scatter the powder on the 
pistils, which, in the nettle, occupy separate flowers. 
In the common barberry (fig. 187), the lower part of 
the filament is very irritable ; and whenever it is 
touched, the stamen moves forward to the pistil In 
the stylewort {Stylidiurn), as seen in fig. 188, the 
stamens and pistil are united in a common column 

Fig. 185. —Spikelet of Wheat consisting of two bracts (empty 
glumes), a a, enclosing several flowers, h h; stamens, s, have long 
slender filaments which are attached to a part of the anther. The 
latter are very movable or versatile. 

Fig. 186. — Pollinia, or pollen-masses, separated from the point 
above the stigma, with viscid matter attaching them at the base, g. 
The pollen-masses, are supported on stalks. These masses are 
easily detached by the agency of insects. 



STAMENS. 137 



which projects from the flower ; this column is very 




Fig. 188. ng. m. 



Fig. 187. — Flowor of the barberry (Berberia vulgaris), the 
stamens of which are irritable, and move towards the pistil when 
touched at their base. The irritability resembles that of the 
Sensitive-plant, and is ascribed to turgescence in certain cells, and 
contraction in others. 

Fig. 188. — Stylewort of Australia {Stylulium), with two of the 
flowers, a, b, separated, showing the irritable column composed of 
stamens and pistil united. This column, when tlie pollen is ripe, jerks 
from one side of the flower to another, and thus scatters the powder. 

Fig. 189. — Hazel (Coryltis Avellana), showing two kinds of 
flowers which are produced before the leaves. 6 The catkins 
bearing stamens. 9 The pistil-bearing flowers which pro<luco nuts. 
The plant is termed monoecious. 
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irritable at tlie angle where it leaves the flower, and, 
when touched, it passes with a sudden jerk from one 
side to the other, and thus scatters the pollen. In the 
hazel, where the pollen is in one set of flowers (fig. 
189 6), and the pistil in another (fig. 189 ?), the 
leaves might interfere with the application of the 
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pollen, and therefore they are not produced until it 
has been scattered. In the case of firs, which have 
their flowers arranged as in the hazel, stamens at one 
place and fruit-bearing cones at another, the evergreen 
leaves are very narrow, and the quantity of pollen pro- 
duced is very great, so as to insure its reaching the 

Fig. 190. — Willow, with a catkin or cluster of stamen-bearing 
flowers. 

Fig. 191. — Willow, with a cluster of pistil-bearing flowers. 
The Willow is dioecious. 
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young cones. In America and also in Scotland, the 
pollen from pine-forests ia sometimes carried to a great 
distance by winds, and falls in showers like sulphur. 
In the month of May, in this country, a visit to a 
forest of firs will show the large quantity of yellow 
powder which falls from the trees when shaken. In 
the case of cucumbers in a glass frame, where the wind 
cannot reach the flowers, the gardener takes the pollen 
from the one kind of flower and applies it to the other, 
in order that he may got fruit. In willows, the stamen- 
bearing and pistil-bearing flowers are on separate trees. 
In fig. 190 is seen a collection or catkin of flowers with 
stamens only; in fig. 191, another collection with pistils 
only. The two kinds of trees grow near each other, and 
the wind and insects carry the powder from the one to 
the other. In Vallimieria spiralis (fig. 16, p. 9), an 
aquatic plant, which grows in ditches in the south of 
Europe, the stamen-bearing plant (fig. 15 a) at a certain 
period is detached from the mud and rises to the sur- 
face of the water, where it floats and ripens its pollen. 
Soon after, the pistil-bearing plant (fig. 15 h), which 
still remains growing in the mud, sends up a long spiral 
stalk, as seen in the figure ; this bears the flower to the 
surface, where it expands. The pollen is then wafted 
to it by the wind ; thus the seed is perfected, and finally 
deposited in the mud. 

Insects are often, in the arrangements of Providence, 
made the means of securing the production of seed. 
How often do we see the bees collecting the yellow 
powder of plants, and, while providing for the food of 
their young, aiding in dispersing the pollen I The 



140 



POIXJdL 



honsj-fike matter secreted br flowers randen them 
attnctiTe to insectBL It is prodaeed by an altenlion in 
tlie starch, which occaineB eells at the bottom of tiie 
flowers. In the eommon crown-imperial of the gardens 
there is a distinct depression at the base of each petal. 




in which the honey or nectar is secreted. In common 
bnttercaps, a small scale at the bottom of each of the 
yellow petals points out the seat of the sugar-like 
matter. The peculiar insect-like forms of the flowers of 

Fig. 192. — Flower of an Orchid, consisting of three outer divi- 
sions of the perianth, ss s, three inner, pp the latter I being the 
labeDuni, which is placed below by the twisting of the OTaiy ; e, 
the spur of the lab^om ; o, the twisted OTaiy ; st, the stigma ; a, 
the anther containing masses of pollen. 

Fig. 193.— Flower of Birthwort {Aristolochia CUmatitis) show- 
ing the long tube and the expanding upper part of the flower. The 
seed-vessel, o, containing seed, is below the flower. The tube is 
lined with hairtf which point downwards. An insect entering the 
flower easily passes the hairs, but in attempting to come out it is 
stopped. 
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orchids (fig. 192), sach as tho bco-orchis, tho fly-orchis, 
the spider-orchis, and tho buttorfly-oncidium, soom to bo 
connected with the attraction of insects to tho flowers, 
in order to apply the pollen which in those plants is 
singular, both as regards its situation and nature. II10 
little masses of pollen in tho orchids adhoro to the 
proboscis of tho insect ; thus, as tho insoct travels from 
flower to flower, the pollen is applied to the stigma. 
In the birth wort (AriBfolocJiia), the flower consists of 
a long tube (fig. 193), at tho lower part of which tho 
stamens and pistil are situated. This position of tho 
stamens and pistil is seen in fig. 184, p. 135, whore 
the floral envelope is removed. This plant is fre- 
quented in its native country by an insoct which 
enters the tube easily and gets into the little chamber. 
The stigma is matured before the pollen is ripe. On 
attempting to get out, the insect is prevented by a sorios 
of hairs in tho tube, which all point downwards. It 
therefore moves about in the cavity, and when the 
pollen is ripe the flower withers and the insoct escapes, 
carrying the pollen to tho stigma of another flower. 
Such flowers aro called DichogamoiiBy as tho stamens and 
pistil ripen at difl'oront times. 

QUESTIONS. 

1. Which whorl of tho flower is formed by tho stamenH ? 

2. "What relation do the stamens bear to tho floral 
envelopes as regards their position ? 

3. In double flowers, what change do the stamens 
undergo ? 

4. What are tho parts of a stamen ? 

6. What is meant by a sessile anther ? 
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6. How many coverings has the anther ? 

7. What is pollen, and where is it found ? 

8. What is meant by didynamous stamens ? 

9. What is meant by tetradynamous stamens ? 

10. When are the stamens said to be hypogynous ? 

11. When are the stamens said to be perigynous ? 

12. When are the stamens said to be epigynous ? 

13. Describe monadelphous stamens, and give an 
example. 

14. Describe diadelphous stamens, and give an ex- 
ample. 

16. Describe polyadelphous stamens, and give an ex- 
ample. 

16. Describe syngenesious stamens, and mention some 
plants in which they occur. 

1 7. Describe gynandrous stamens, and give an example. 

18. Describe the filaments in the stamens of grasses. 

19. Describe pollen-masses, and mention some plants in 
which they occur. 

20. What is the use of the pollen ? 

21. How is it scattered ? 

22. What kind of stamens are found in the nettle ? 

23. What kind of stamens occur in the barberry ? 

24. Mention a special provision made for the application 
of the pollen to the pistil in the hazel. 

25. What is the origin of the so-called sulphur-showers ? 

26. What is meant by a monoecious plant ? 

27. What is meant by a dioecious plant 1 

28. What agents are employed in scattering pollen ? 

29. What is meant by a dichogamous plant ? Give an 
example, and describe the mode of fertilisation. 

TJie Pistil, — This is the central part of the flower 
(fig. 1, frontispiece)^ and is composed of one or more 
leaves called carpels (figs. 194,195). It may consist of a 
single carpel, as in the pea and vetch (fig. 213, p. 153) ; 
or of several, either distinct from each other, as in the - 



PISTIL. 



143 



paBony and stonecrop (fig. 198, p. 144), or combined, 
as in the tulip and lily (fig. 199, p. 144). In the 
double-flowering cherry, . in which the stamens are 
changed into petals, the pistil appears in the form of a 
flat leaf, as represented in fig. 194, or of a folded leaf, 
as in fig. 195. The plant does not produce fruit, on 
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account of the change which has taken place in the 
stamens and pistil. The parts of the pistil are seen in 
fig. 196. The rounded top, is the stigma, the stalk 
below, sty is the style, and the lower swollen portion, c?, is 
the ovary, containing the cellular ovules which become 
seeds. These parts are better seen in fig. 197, which 
represents the pistil of the apricot-tree laid open lon- 
gitudinally, 8t being the stigma, tc the style, with a 
canal through it, ep^ me, and end^ the three coverings of 

Figs. 194 and 196. — The pistil of the double-flowering cherry, 
composed of a leaf {carpel) either flat, as in 194, or folded, as in 196. 

Fig. 196. — Pistil of Primrose (Primula), showing the ovary, o, 
below, the stigma, at the top, and the style, st, between them. 

Fig. 197. — Pistil of Apricot-tree cut vertically, cp, Outer coat 
of ovary, mCf middle coat, endf inner coat, which becomes the stone, 
ov, young seed or kernel, tc, style and its canal, at, stigma. 
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the OTaij, and oc the yonng seed. When there is no 
style the stigma is sessQe. 

The carpels or leaves forming the pistil are some- 
times separate, as in the common stonecrop (fig. 198), 
at other times thej are united together, as in the 
primrose (fig. 196), so as to appear one. The num- 
ber of carpels forming such a compound pistil can 
nsnall J be ascertained by catting across the ovary, as 




Fig. 198. Fig. 199. Fig. 200. 



in fig. 199, where it is seen that there are three cavi- 
ties containing seeds, and consequently three carpels. 
The ovules or young seeds are generally attached to 

Fig. 198. — Pistil of Stonecrop (Sedum). It consists of five 
carpels, which are separate and distinct. Each carpel has its own 
ovary, style, and stigma. The pistil is apocarpous — i.e. is composed 
of separated carpels. At the base of ^e carpels are seen scales, 
which are called the nectary. Below the pistil is the part of the 
receptacle to which the other whork were attached. 

Fig. 199. — Ovary or lower part of the pistil of the Lily (Lilium) 
cut transversely. There are three locnlaments, or cavities con- 
taining seeds, indicating the nnion of three carpels, and the ovary 
is said to be sjmcarpoos and trilocnlar. The divisions in the ovary, 
called septa or dissepiments, are formed by the sides of the carpel^ 
lary leaves. Each septum is double, and the number of septa cor- 
resx)onds with the number of the carpels. The ovules are placed 
collaterally, in pairs, in each loculament, and are attached to a 
central point called placenta. 

Fig. 200. — Pistil formed of five carpels. Section of ovary 
showing five partitions and five cavities, with ovules attached to 
a central plac^ta. 
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the edge of the carpels ; but sometimes they are united 
to the axis^ as in the primrose, without any apparent 
attachment to the carpels. In certain cases, as in 
cycads and conifers, the ovules are not covered by 
carpels, and are called naked, because the pollen is at 
once applied to them without the intervention of a 



stigma. The number of stylos in a flower was used by 
Linneeus as a mode of distinguishing certain divisions 
in his system called orders ; the Greek numerals being 
prefixed to the term gyniay moaning pistil. (Soe p. 2 11 . ) 

Divisions are formed in ovaries by the folded edges 
of the contiguous carpels uniting with each other, and 
at the same time attached to the central axis whore the 
placentas and ovules are situated. In flg. 199 there 

Fig. 201. — Ovary of an Orchid cut transversely, showing three 
parietal placentas bearing ovules. 

Fig. 202. — Section of ovary formed by five carpels, with the 
ovules attached to the points where the carpels meet each other. 
The placentas are five and parietal. 

Fig. 208. — Pistil of Rose-campion cut vertically, showing a free 
placenta in the axis bearing numerous ovules. 
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are three caipels, the edges of which meet together, and 
thus three paititionB are prodneed, and three caritieB 
eontaining omles. In fig. 200 there are fire caipels 
united. Sometimes the partitianB do not extend to 
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Fig. 205. Fig. 306. 

the centre, and then there is only one cavity in the 
ovary, although there may he seyeral carpels, as in the 
poppy, and the mignonette and orchis (fig 201). In 
fig. 202, the ovules appear on the walls of the ovaiy. 

Fig. 204. — Ovary fomed of five carpels, and the oviiles attached 
to a free placenta in the centre. There are no partitions. 

Fig. 205. — Pistil of Wallflower, consisting of two carpels, be- 
tween which is a 'spurious partition, cZ, formed by the placentas, en ; 
ovules, (w, style, *. 

Fig. 206. — Pistil of the Lady*s-niantle {AlchenUUa}^ with the 
style, Sf arising from the apparent base, of the ovary. 
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Occasionally no partitions whatever are seen, and the 
ovules are attached to the central axis directly, as in 
the red campion (fig. 203), and in the primrose (fig. 204). 
Sparioos partitions are formed in ovaries by the folding 
in of the back or front of the carpels, as in some papi- 
lionaceous flowers and in flax, or by a prolongation of 
the placentas, as in wallflower (fig. 205, ct). Carpels 
are sometimes united together completely, at other times 
the ovaries only are combined, while the style and 
stigma are separate (fig. 203), or the ovaries and styles 
are united to each other and the stigmas are free, or 
the styles are united while the ovaries are free, as in 
the dead-nettle and comfrey. The number of carpels 
forming a pistil may be determined by the number of 
styles, or by the divisions seen on cutting across the 
ovary. The style is usually at the apex of the ovary, 
but sometimes it arises below the apparent apex, as in 
lady's-mantle (fig. 206). The stigma is a viscid spot at 
the upper end of the style, or, if there is no style, on 
the top of the ovary, formed of loose cells, to which 
thv*. pollen is applied after the bursting of the anthers. 
The stigma may either be simple (fig. 196, «) or divided 
(fig. 183, 8, p. 135). 

Ovule, — The ovule is the young seed contained in 
the ovary. There may be one or more ovules. Each 
ovule is covered by at least two coats, which inclose a 
central part in which the young plant is formed. At 
one part of the ovule there is a small opening. In 
fig. 207 an ovule is represented with its two coverings, 
inside which is the central nucleus, n, the sac, 8, con- 
taining a minute cell, c, in which the embryo, e, is seen 
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near the opening at the top. The nourishing vessels 
enter the ovule at ch. Sometimes the ovule, in place of 
being straight, is turned round, as in fig. 208, where the 
opening, /, is represented as pointing downwards. 

Functions of the Stamens and Pistil, — These are 
called essential organs of the flower, inasmuch as they 
are required for producing perfect seed containii^g in 
its interior the young (embryo) plant. Hence a flower 
having stamens and pistil is called perfect. A flower 
having stamens only is staminate; one having pistil 
only is pistillate. When the stamens are in one 
flower, and the pistil in another flower on the same 
plant, it is called monoecious ; when the staminate and 
pistillate flowers are on different plants, the term 
dioecious is applied. These occurrences are marked by 
the following symbols : — 

^ Perfect flower, having both stamens and pistil 

6 Staminiferous, staminate, or sterile flower. 

9 Pistilliferous, pistillate, or fertile flower. 

6 9 Having separate staminate and pistillate flowers. 

6 — 9 Monoecious species, having staminate and pistillate 
flowers on the same plant. 

6 : 9 Dioecious species, having staminate and pistillate flowers 
on diff'erent plants. 

The pollen is contained in the anther, from which it 
is discharged in the modes already mentioned (page 
131). 

The grains of pollen, when discharged from the 
anther, are applied to the stigma (fig. 209, 8t\ and after 
lying on it for a certain length of time, they send out 
tube-like prolongations, as shown in fig. 209, where two 
pollen-grains are seen lying on the top of the stigma. 
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which is split open, along with part of the stylo, to 
show the pollen-tubes. In fig. 210 there is a magnified, 
representation of a pollen-grain giving out three tubes, 




Fig. 208. Fig. 209. 



one of which, is considerably elongated. These tubes 

reach the ovule in the ovary (fig. 211, ve), and by this 

Fig. 207. — Orthotropous or straight ovule of Polygonum, show- 
ing the coats of the ovule on the* outside of the nucleus, w, the 
embryo-sac, containing a vesicle, c, in which tlie rudimentary 
embryo, g, is seen close to the foramen or micropylo. The clialaza 
is marked ch. 

Fig. 208. — Anatropous or inverted ovule of Dandelion (Leon- 
todon Taraxacum), showing the coats of the ovule surrounding the 
nucleus, which is inverted, so that its base, ch, where the chalaza 
exists, is removed from the base or hilum of the ovule, h, while the 
foramen, /, is near the base. Tlie connection between the base of 
the ovule and the base of the nucleus at ch is kept up by means of 
the raphe or cord, r. 

Fig. 209. — Tlie style and stigma laid open. Two grains of 
pollen on the top of the stigma, protruding tubes which descend 
through the stigma and style to the ovules. 
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means the embryo plant is formed (fig. 212, e). After 
this process has taken place, the pistil undergoes marked 





Fig. 210. 



Fig. 211. 



Fig. 212. 



changes, by which it becomes the fruit containing the 
seed, in the interior of which is the young germ. 

Fig. 210. — Pollen grain, much magnified, showing three points 
where tubes come out. One of the tubes, is considerably elongated. 

Fig. 211.— Pistil and pollen of Polygonum. 1. Stigma, «%, 
with pollen-grains, p, adherent to it, sending tubes, down the 
conducting tissue of the style, styl ; the otary, o, containing the 
ovule with its covering and central cellular mass or nucleus, n, en- 
closing a rudimentary embryo-sac, *ve, in which ultimately the em- 
bryo is developed. The base of the ovule which was attached to 
the placenta is marked ch, 2. Pollen -grain, j>, separated ; 
tube, tp. 

Fig. 212. — Section of the ovule of (Enothera, showing the pollen- 
tube, t, with its enlarged extremity applied to the end of the 
embryo-sac, and introverting it slightly ; the germinal vesicle in 
the sac haa been fertilised, and has divided into two parts, the 
upper part forming a suspensor, 5, and the lower dividing into four 
parts, which form a globular mass — ^the rudinaentary embryo, sur- 
rounded cells, e. 
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By taking the pollen of one species of plant and 
appljring it to a different species, seeds are produced, 
which, when they sprout, give origin to what are called 
hybrids. This effect is probably referred to in Dout. 
xxii. 9, where it is said, "Thou shalt not sow thy 
vineyard with divers seeds, lost the fruit of thy seed 
which thou hast sown, and the fruit of thy vineyard, be 
defiled." Gardeners constantly attempt to produce 
hybrids, and thus to improve the quality of flowers or 
firuit, and to get hardy varieties. By inoculating dif- 
ferent species of rhododendron, gardeners have secured 
the fine colour of the Nepal rhododendron with the 
hardiness of the American species. A vast number of 
florist's flowers, as varieties of pelargonium, fuchsia, 
and calceolaria, are hybrids. 

QUESTIONS. 

1. Where is the pistil situated ? 

2. Of what parts is it composod ? 

3. What IB meant by a carpel ? 

4. What is the ovary, and what does it contain ? 
0. What is meant by a sessile stigma ? 

6. What is meant by an apocarpous pistil ? 

7. What is meant by a syncarpous pistil ? 

8. What is meant by n^ed ovules ? Give an example. 

9. How are divisions (septa) in ovaries formed ? 

10. What is meant by a placenta ? 

11. What is meant by a central placenta ? 

1 2. What is meant by a parietal placenta ? 

1 3. How are spurious divisions in ovaries fbrmed ? 

14. Explain the different modes in which carpels are 
united together. 

1 5. How can the number of carpels forming a pistil be 
ascertained ? 
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16. What is the ovule ? 

1 7. How many coverings exist in the ovule ? 

18. Is there any opening in the ovule ? 

19. Describe the position of the micropyle in an erect 
and in an inverted ovule. 

20. What are the functions of the stamens and pistil ? 

21. What is meant by a staminate, and what by a pistil- 
late, flower ? 

22. Explain the symbols 5^ 9. 

23. Explain the symbols 5 — 9 and 5 : 9. 

24. To what part of the pistil is the pollen applied ? 

25. Describe the changes which take place in the pollen 
after its application to the pistiL 

26. What is meant by the germ- vesicle in the ovule ? 

27. What is meant by a hybrid plant ? 

The Fruit — ^The term fruit, in botanical language, 
is applied to the mature perfect pistil, whether dry 
or succulent. When we examine fruits, however, we 
find them formed in various ways. Some, as the pea, 
bean, and vetch (fig. 213), consist solely of the pistil, 
slightly altered ; others, as the grape, peach, and plum, 
consist of the pistil, changed so as to assume a succu* 
lent character, either entirely, as in the grape, or par- 
tially, as in stone-fruit; others, as the gooseberry, 
currant (fig. 214), apple, pear, pomegranate, are formed 
not only by the pistil, but alqo by the calyx, a portion 
of which is seen at the top of most of these fruits in the 
form of brownish scales. The hazel-fruit (fig. 215) con- 
sists of the pistil developed into the nut, with a covering 
of bracts, called the husk, outside; and the fruit of 
the oak (the acorn) has a cup-like covering formed 
by bracts (fig. 216, a). In the strawberry (fig. 217) the 
saceulenb part, which is eaten, consists of the enlarged 
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growing point, bearing on its surface numerous small 
carpels or fruits, which are often called seeds. The 
grain of wheat, and other cereal grains, consist of seeds 




Fig. 218. 



incorporated with seed- vessels, and are in reality fruits, 
although they appear like seeds. What, then, is called 
bare grain in the Bible, is the bare fruit doj)rivod of its 
husk-like coverings. The Greek word for grain, Kokh oH^ 
is different from that for seed, Sj^crma, The mulberry (llg. 

Fig. 218. — Pod of Vetch, composed of the pistil, with style and 
stigma at the summit. The fruit in this case is composed of n 
single carpel containing numerous seeds. 

Fig. 214. — Fniit of Currant, composed partly of the pistil and 
partly of the calyx ; the withered remains of part of the calyx are 
seen at the summit of each currant. 
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218), as well as the pine-apple (fig. 219), the bread-fruit, 




Fig. 215. Fig. 216. 



the cone (fig. 220), and the fig (fig. 133, p. 99), are made 
up of a congeries of pistils formed by separate flowers, 




Fig. 217. Fig. 218. 



and all combined into one mass. In the first four, the 
flowers are on the outside of a common receptacle or 

Fig. 215. — The fruit of the Hazel, consisting of the nut, with 
the husk outside. The husk is composed of floral leaves or bracts. 

Fig. 216. — Fruit of the Oak (acorn), ft, with its cup or outer 
covering of altered leaves or bracts, a. 

Fig. 217. — Strawberry-fruit, consisting of a succulent receptacle, 
on which are scattered numerous fruits or achenes, resembling seeds. 

Fig. 218. — Fruit of Mulberry, composed of the pistils of several 
/lowers united into ooe sacculeut mass. 
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axis ; wink in tbe £g the saccnkiit rmptade is onred 
upwards aud inwar^ a> as to be hoUow, and thus hcus 
the flowas msde, as seen in fig. In the fig, what 

are called seeds are in reafitr fraats^ like those <m the 
top of the stnwbmr, hot imdoced by nnmerous 
flowers in place of one. 

Fndts are dirided into those which open in ofder to 
scatter the seed^ and those which do not open. Among 




Pig. 219. Fig. 220. 

the former may be noticed — 1. the follicle, a carpel open- 
ing on one side, as in the pseony (fig. 221), and the stone- • 
crop (fig. 198, p. 144), where there are several follicles 

Fig. 219. — Pine-apple, a fruit consisting of several Ruooulont 
fruits formed by diflferent flowers, and all united into one. Tlio 
scales outside are modified leaves, while the crown iH a serioH of 
leaves unaltered. 

Fig. 220. — Cone of Fir, a fruit consisting of scales or havtloiu'd 
leaves, each representing a separate flower. The fruit is ma<le up of 
laumerons flowers united, 
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foTming the fruit ; 2. the legume, as in the pea (fig. 222) 
and bean, a carpel opening by both sides ; 3. siliqua, a 
pod formed of the two united carpels opening along each 
edge in the form of two valves, as in wallflower (fig. 205, 
p. 146) — when short it is called silicula (fig. 223) ; 4. 
the capsule, a seed-vessel composed of several dry united 
carpels, which separate from each other in various ways, 
opening by teeth as in the campion (fig. 224), by valves 
as in the violet (fig. 225), by a lid as in henbane (fig. 
226), pimpernel (fig. 227), and the monkey-pot (fig. 228), 
by pores below the stigma as in the poppy (fig. 229). 




Fig. 221. 



Among fruits which do not open may be noticed — 
1. the achene (fig. 206, p. 146) — a dry single-seeded 
fruit, such as that of each floret of the dandelion and 
sunflower (figs. 130 and 162, pp. 98 and 120),— in the 
ranunculus and strawberry (fig. 217, p. 154) there are 

Fig. 221. — Fruit of Paeony, consisting of two carpels, d d, 
opening on their inner side, and called follicles. Calyx, c, below 
the fruit 



VARIOUS KINDS OF FRUITS. 157 
nnmerouB achones, and in the dead-nettlo and comfrey 




Fig. 228. Fig. 224. Fig. 225. 



four ; 2. tho nut, a singlo-soodod dry fruit, as in tho hazol 

Fig. 222. — Lcgumo of Pea opening on botli sides. It is fonncd 
by one carpel, and the seeds are attJiched along one side, pi. Outer 
coat of seed-vessel, sp; inner coat, en. Placenta, pi. Stalk of 
seed, /. Stylo and stigina, st. 

Fig. 228. — Silicula of Whitlow-grass (Draba), opening by two 
flat valves, o, from below upwards, having parietal placentas, jo/, 
united by a membrane or replum. The seeds are attached to the 
placentas on either side of the seed-vessel. 

Fig. 224. — Seed-vessel or capsule of Campion (Lychnis), opening 
by ten teeth at the apex. The calyx is seen surrounding the seed- 
vessel, but not adherent. 

Fig. 226. — The capsule of the Pansy {Viola tricolor), opening 
by three valves through the back of the carpels. The placentas 
and seeds are placed on the middle of the valves. 
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(fig, 215, p. 154) and oak (fig. 216, p. 154), with a hard 
shell outside covered by bracts ; 3. the drupe, a succulent 
fruit, such as the cherry and peach, called stone-fruits, 
with three coverings — the skin, the fleshy part, and the 
stone containing the seed or kernel inside ; 4. the berry, 
where the seeds are enclosed in pulpy matter within a 
covering formed either by the wall of the mature ovary 
alone, as in grape and potato-apple, or by the wall of the 
ovary in combination with the calyx, as in the goose- 
berry and currant (fig. 214, p. 153); 5. the apple, 
where there are usually five cavities in the centre con- 




Fig. 226. Fig. 227. Fig. 228. Fig. 229. 



taining seeds, and the outer part consists of fleshy cells 
covered by a skin formed partly by the calyx, as in the 
apple and pear. 

In common language we apply the name fruit chiefly 
to that which is succulent and eatable. 

Fig. 226. — Seed-vessel of Henbane {Hyoscyatmis niger), opening 
by a lid ; the capsule has been called Pyxis (a box). 

Fig. 227. — Seed-vessel of the Scarlet Pimpernel {AnagaUis ar- 
vensis)f opening by transverse dehiscence — that is, by a lid. 

Fig. 228. — Fruit of the Monkey-pot {Lecythis oUa/ria), opening 
by a lid. The seeds are the Sapucaya nuts of the shops. They 
resemble the Brazil nuts, and are relished by monkeys, which are 
often entrapped when taking the nuts from the interior of the capsule. 

Fig. 229. — Capsule of Poppy (Papaver), opening by pores, 7;, 
under the broad stigma. 
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Grafting, — Various means are adopted by gardeners 
to render edible fruits more fit for the dessert. All the 
varieties of apple, for instance, are produced from the 




Pig. 230. 



wild crab by the art of horticulture. The mode in 
which this has been accomplished is by the process of 
grafting, or by taking a slip &om one tree and making 
it adhere to the stem of another tree growing in the 
soil (fig. 230). Grafting is of two kinds. In one case a 
slip or graft is taken from a wild tree, bearing compara- 
tively worthless fruit, such as the sour crab-apple, and 
is attached to a good stock or stem which has been 
fully matured, and which shows great vigour. Another 

Fig. 280. — Whip or tongue grafting. The stock, a, is cut in 
such a way as to have a tongue-like process, into which the slip or 
scion, 6, similarly cut, is inserted. 
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kind of grafting is aooompliahed bj takii^ a sl^ from 
a tree bearing good fruity and uniting it with the stock 
of a wild plant In both instances good is effected. 
In the first case, the sap of the excellent stock drca- 
lates through the slip or graft, and imparts yigonr to it, 
so as to enable it to produce good fruit The better 
the stock on which the graft is placed, and the more 
nourishing its sap, the more likely is the fruit of the 
grafted plant to be good. In the second kind of graft- 
ing — yiz, the insertion of a slip from a good fruit-tree 
on a crab or wild stock — ^there is a combination between 
the two also in such a way as to cause oft^en early 
flowering and early ripening of the fruit ; and thus a 
useful fruit-bearing tree is produced. 

Grafting is adopted in the case of many fruits, such 
as apples, pears, grapes, peaches, and plums. By grafts 
ing there is for a time an arrestment in the growth of 
the slip ; and it is not until it is fully united to the 
stock that it grows and produces fruit. If we sow the 
seed of any apple, however fine, in ordinary soil, and 
allow it to grow wild, it will revert to the original 
S[)ecies, and will produce unpalatable crab-apples. Such 
is also the case with slips put into the soiL It is only 
by careful cultivation and grafting that the good varieties 
are kept up. 

The flavour of our table-fruits depends on the pre- 
sence of certain chemical ingredients. If these are not 
developed, then the fruit wants some of its character- 
istics. Even after trees have been grafted, they are apt 
to run to leaves, in place of flowering and fruiting. In 
such cases pruning must be adopted, in order to prevent 
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them from becoming rampant. By inflicting an injury 
on the tree — as cutting a ring out of the bark, or by 
checking its roots — ^gardeners often make barren fruit- 
trees become productive. 

The fruit, when ripe, is usually detached from the 
tree ; but sometimes the fruit of one year remains until 
that of another is produced. Thus in the orange-tree 
we meet with ripe fruit, green fruit, and flowers at the 
same time. At times the fruit appears to be complete, 
and yet it contains no seeds. Thus seedless grapes 
and seedless oranges are often met with. In such cases, 
although the fruit has a fair appearance, it cannot be 
said to be perfect, for it has not fiilfllled the object of 
its production — namely, the propagation of the plant. 
High cultivation may have a tendency to induce this 
state, and it may perhaps depend occasionally on the 
age of the trees. Bullar states that the thinness of 
the rind of the St. Michael orange, and its freedom 
from pips, is owing to the latter cause — the trees, when 
young, producing fruit with thick rinds and plenty of 
seeds. 

QUESTIONS. 

1. What is meant by the term fruit in botanical lan- 
guage ? 

2. Give an instance of a fruit formed by one carpel. 

3. Give an instance of a fruit formed by several separate 
carpels. 

4. Give an instance of a fruit formed by several carpels 
cohering together. 

5. Describe the parts which form the fruit of a peach. 

6. Describe the parts which form the fruit of a goose- 
berry, and explain in what respect it differs from a grape, 

7. Describe the fruit of the hazel. 

M 
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8. Describe the fruit of the oak. 

9. What is the nature of a grain of wheat 

10. Describe the fruit of a strawberry, and explain how 
it differs from the raspberry. 

11. What kind of fruit is the pine-apple ? 

12. Describe the fruit of the Scotch fir. 

13. Describe a mulberry, and point out the difference 
between it and a bramble. 

14. Describe the fruit of the fig-tree. 

15. What ia essential for a perfect fruit ? 

16. How is the seed scattered ? 

17. How do some fruits open to scatter the seed ? 

18. Describe a follicle, and explain how it differs from 
a legume. Give examples. 

19. Describe a siliqua and silicula. Give examples. 

20. Describe a capsule. Give an example. 

21. Describe the mode of opening in the fruit of the 
henbane, the rose-campion, the violet, and the poppy. 

22. What is an achene ? Give an example. 

23. Describe a nut. Give an example. 

24. Describe a drupe. Give an example. 

25. In what respect does the pidp of the berry differ 
from the flesh of the peach ? 

26. Describe the parts of an apple. 

27. What is meant by grafting, and how is it effected ? 

28. Mention two kinds of grafting. 

29. How does grafting act on the fruit ? 

30. What is the origin of the apple ? 

31. Do fruits in every instance produce seeds 1 

32. How is the production of edible fruits hastened 1 

The Seed, — The seed is usually contained in the 
seed-vessel (angiospermous plants), or, in other words, 
in the fruit (fig. 222, p. 157). In some cases the seed 
is naked, that is, not contained in a seed-vessel (gym- 
nospermous plants, such as the fir). In order that it 
may be complete, it must contain the rudiment of the 
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young plant, or what is called the embryo. On re- 
moving the skin of the seed, it is sometimes found that 
the embryo occupies the whole of the interior. This is 
the case in the bean, pea (fig. 222, p. 157), and lupin, 
the fleshy cotyledons of which form the great bulk 
of the seed ; so also in the common stock (fig. 231), 
and other plants of the cabbage order. At other 
times the embryo forms only a part of the seed, 
as in palms (fig. 232) and lychnis (fig. 233). In 
these instances there is a separate store of nourishing 



matter called albumen (perisperm), which, after the 
seed has been sown, is gradually dissolved, so as to be 
taken up by the plant in the early stages of growth. 
The first-mentioned seeds are called exalbuminous(aperi- 
spermic), the latter albuminous (perispermic). 

The mode in which seeds are scattered is deserving 
of notice. In some cases, as in the gooseberry, grape, 
apple, and coco-nut, the fruit falls without opening, and 

Fig. 231. — Seed of Common Stock Gillyflower, cut open in a 
vertical manner, showing the embryo plant, of a white colour, occu- 
pying the whole of the interior. The coverings of the seed are dark, 
and a black line indicates the folding of the young root on the 
cotyledons. 

Fig. 282. — Seed of a Palm, cut vertically, showing the minute 
white embryo occupying only a small part of it. The bulk of this 
seed is made up by a separate store of nourishing matter. 

Fig. 238.— Seed of Red Campion (Lychnis), cut vertically, 
showing the embryo curved round the store of nourishment, which 
is in the centre. 




Pig. 281. 



Fig. 282. 



Fig. 238. 



164 



SCATTERING OF THE SEED. 



gradually decays, forming a sort of manure with the 
soil in which the plant sprouts. In other cases, the 
seed-vessels open and scatter the seeds. In the com- 
mon broom, the pod, when ripe, opens with consider- 
able force ; so also the fruit of the sandbox-tree, and 
the balsam; which is called Touch-me-not, on account 
of its seed-vessel bursting when touched (figs. 234, 235). 
The squirting cucumber, when handled in its ripe state, 
gives way at the point where the fruit joins the stalk. 




Fig. 234. Pig. 235. 

and the seeds are sent out with amazing force. The 
common geranium seed-vessels curl up when ripe, as 
seen in fig. 236, and scatter the seeds. In the case of 
firs (fig. 237), bignonias, and some other plants, the 
seeds aref urnished with winged appendages ; while in 
the cotton-plant and asclepias (fig. 238), they have 
hairs attached to them, by means of which they are 
wafted to a distance. The action of moisture in open- 
Fig. 234. — Ripe fruit of balsam {Impatiens noli-me-tangere), 
in its unopened condition. 

Fig. 235. — Fruit of the same plant opening by five recurved 
valves. 
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Pig. 236. Pig. 23?. 




Pig. 238. Pig. 239. Fig. 240. 

marigold (figs. 239 and 240), from the Cape of Good 
Hope, and in the rose of Jericho. 

Fig. 236. — Fruit of Geranium, showing the different parts of 
which it is composed curling upwards, so as to scatter the seed. 

Fig. 237. — Naked winged seed of Common Fir. 

Fig. 238. — Seed of Asclepias, with a cluster of hairs arising 
from the edges of the opening in the seed. 

Fig. 239. — Seed-vessel of a species of Fig-Marigold {Mesem- 
bryanth&mum TripoUum) in a closed state. 

Fig. 240. — The same seed-vessel, with its valves expanded, after 
having been moistened with water. 
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In composite plants, such as the dandelion (fig. 130, 
p. 98), thistle (fig. 143, p. 104), and artichoke, what is 
commonly called the seed is in reality the fruit with the 
calyx attached in the form of hairs. The down of the 
thistle consists of calycine hairs. Each fruit contains a 
single seed, and it is interesting to know the process by 
which this single-seeded fruit is deposited in the soil. 
In these plants there are numerous flowers on a common 
receptacle, which is at first succulent and nutritive. In 
the young state this receptacle contains much starch, 
which is gradually changed into sugar, so as to be easily 
taken up in the form of a saccharine solution by the 
flower. In the artichoke, it is then fit to be used for 
food. As the flower grows, and the fruit is perfected, 
the receptacle loses its sugary matter and becomes dry. 
In this state it is unfit for food. Meanwhile the hairy 
calyx attached to the fruit increases so as to be ready to 
waft it to a distance. In the dandelion, the leaves 
which surround the clusters or heads of flowers (fig. 130, 
p. 98) are turned downwards, the receptacle becomes 
convex and dry, the hairs spread out so as to form a 
parachute-like appendage to each fruit, and collectively 
to present the appearance of a ball. In this way the 
fruit is prepared for being dispersed by the winds. 

The number of seeds produced by plants is often 
very great. Thus a single Seje palm produces 8000, a 
common spear-thistle 24,000, an Oriental poppy 32,000, 
and a tobacco-plant 40,000 or more. 

The Embryo. — ^The young plant or embryo is con- 
tained in the perfect seed. It consists of three parts — 
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the young root (radicle), the seed-leaves or seed-lobes (co- 
tyledons), and the young stem (plumule). These parts 
are easily seen in the common pea after removing the 
skin, as shown in fig. 20, p. 13, where r is the radicle, 
c c the cotyledons, and g the plumule. 

In flowering plants there are two kinds of embryos ; 
one in which there is only a single cotyledon, the plant 
being called monocotyledonous, and the other in which 
there are two, the plant being called dicotyledonous. 
In flowerless plants there are no cotyledons, and they are 
called acotyledonous. The embryo consists at first en- 



Fig. 241. Fig. 242. 

tirely of cells. In the case of flowering plants it is con 
tained in the seed, and along with it there is a store of 
nourishment for its future growth. This nutritive mat- 
ter is in some cases incorporated with the young plant, 
as in the pea, the large fleshy lobes of which are part of 

Pig. 241.— Section of part of the Coco-nut seed, showing the 
young plant in a cavity at one end, quite separate from the nour- 
ishing matter around. 

Fig. 242.— Grain of Oats (Avem aativa). o Its coverings ; 
cgr, young plant ; c, being its seed-leaf ; the young bud of the 
stem ; and r, part of the axis whence the root proceeds ; a, store of 
nourishment, called albumen. 
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the young plant (fig. 20, p. 13) ; in other cases it is sepa- 
rate from the young plant, as in the coco-nut and wheat. 
In fig. 241 there is a representation of part of the eat- 
able portion of the coco-nut, with the small embryo 
plant lying in a cavity at the top. This cavity is in the 
flesh of the nut, immediately below the hole in the hard 
shell. The little plant weighs only a few grains, while 
the nourishing matter weighs many ounces. In palms 
generally the young plant occupies a small part of the 
seed, and the nourishment is abundant, and sometimes, 
as in the date and the ivory-palm, very hard. In the 
grains of wheat, barley, and oats, the young plant is 
minute, while the starch and glutinous matter stored up 
along with it is large. Fig. 242 represents a grain of 
oats, t being its covering, c g r the young phait, with 
its root, stem, and leaves, and a the mass of nourish- 
ment laid up for the use of the young plant, and not 
incorporated with it. 

QUESTIONS. 

1. What organ contains the seed ? 

2. What is meant by naked seeds ? 

3. What is the essential part of a seed 1 

4. What is meant by an exalbuminous or aperispemiic 
seed ? Give an example. 

5. What is meant by an albuminous or perispermic 
seed. Give an example. 

6. How are seeds scattered ? 

7. How does the seed-vessel of the squirting-cucimiber 
scatter the seeds 1 

8. How are geranium-seeds scattered ? 

9. What kind of seeds are seen in the common fir ? 
10. What is the use of hairs attached to seeds 1 Give 

an example. 
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11. Describe the nature of the fruit and seed in the 
dandelion. 

12. What is the thistle-down ? 

13. Describe the mode in which the fruit of the dande- 
lion is scattered. 

14. What is the part of the artichoke which bears the 
fruit? 

15. What is the organ called the embryo ? 

16. What are the parts of the embryo in flowering 
plants ? 

1 7. Describe the embryo of the common pea. 

18. Mention two kinds of embryos in flowering plants. 
Give an example of each. 

19. What kind of embryo is found in acotyledonous 
plants ? 

20. Describe the position and the appearance of the 
embryo of the coco-nut 

21. What kind of albumen surrounds the embryo in 
the ivory-palm seed ? 

22. li what part of the grain of oats does the embryo 
plant lie ? 

23. What kind of embryo exists in the red campion ? 
Sprouting of the seed, or G^emtwa^ton.— Seeds when 

ripe fall from the plant into the soil, or they are trans- 
ported in various ways by means of winds and streams, 
or by the agency of man and animals, and are deposited 
in situations, fitted for their growth. When the seed 
is placed in favourable circumstances, the little plant 
begins to sprout or germinate. In order that this 
process may take place, it is necessary that moisture, 
heat, and air should bo present, and it is also important 
that the plant at first should be excluded from direct 
light. The supply of these requisites must be pro- 
perly regulated, and in doing so the nature of the soil 
must be attended to. One of the most important 
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operations for enabling grain to grow and give abundant 
produce is draining. Undrained soil, from having 
mach moisture, is cold, is deficient in the supply of air, 
and prevents the constant renewal of food to the roots. 
Draining carries away superabundant moisture, allows a 
constant supply of fresh fluid nourishment to penetrate 
through the soil at the roots, permits the access of air 
and heat, and thus materially contributes to the health 
and vigour of the crops. The soil must therefore be 
prepared and fitted for the seed, otherwise, as fiar as 
regards useful and nutritions plants, the sowing will be 
unproductive. 

When seeds are sown naturally, they have only a 
slight covering of soil, and if they happen to become 
deeply buried, the proper access of air is prevented, and 
their sprouting is retarded. In sowing seeds, we should 
imitate what occurs in nature. They should be placed 
at a moderate and equal depth. Hence the necessity 
for regular ploughing, in order that all the grains may 
be at a proper distance from the surface of the soil, and 
that the growth and progress of the plants may be 
uniform. When ploughing is irregular, the grains sink 
to different depths, some plants come up before others, 
and they ripen at different periods — an occurrence 
which tends to injure the harvest ; for the ripe grain, 
when aUowed to remain beyond a certain period, loses 
part of its nutritious qualities, and thus the produce of 
the field is diminished in value. Seeds often lie long 
dormant, especially when placed too deep in the earth, 
and it is only when the soil is turned up and air ad- 
mitted that they spring up. Many are the instances of 
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seeds letaining vitality long, when buried in the ground 
under certain conditions. The seeds of white clover 
may remain in the soil for many years, and yet, when 
brought near the surface, so as to be within the action of 
the air, germinate freely. While seeds naturally pre- 
served in the soil and in peat -mosses retain their 
vitality, it is not easy for man to imitate these con- 
ditions. The statements as to the germination of 
mummy-wheat require confirmation. No doubt there 
are numerous fields of what is called mummy-wheat in 
Britain, but none can be proved by unimpeachable 
evidence to be the produce of grains of the same age as 
the mummies. 

The various phenomena connected with the sprout- 
ing of the seed are well seen in the malting of barley. 
The grain is exposed to moisture, heat, air, and is kept 
in comparative darkness. It is placed in circumstances 
fitted for its sprouting. A marked change takes place 
in the contents of the grain. The starch, which is 
insoluble in water, and unfit for the nourishment of the 
plant, is converted into sugar, which is soluble, and 
easily taken up by the cells of the plant as food. During 
this process heat is developed. The young roots are 
first protruded, and then the stem rises, surrounded by 
a leaf called a cotyledon, or seed-leaf. If the barley 
were allowed to grow, the whole of the sugar would be 
used by the plant. But man wishes to get the sugar, 
and he therefore stops the growth of the plant by drying 
it, and thus makes malt. The progress of growth in 
the oat is seen in fig. 243, which represents the embryo 
at one end of the grain, the curved dotted lines marking 
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the dimensions of the grain. The letter r indicates the 
young roots passing through sheaths, co, and covered 




Fig. 248. Fig. 245. Fig. 246. 



with little cellular hairs, ready to take up fluid nourish- 
ment ; c is the cotyledon — i.e. the seed-lobe or seed-leaf ; 

Fig. 243. — 'Germination or sprouting of the grain of Oats, r, 
roots passing through sheaths, co ; c, cotyledon ; g, the first leaves 
of the plant. The plant is monocotyledonous, or has only one 
cotyledon. 

Fig. 244. — Germination or sprouting of the grain of Maize or 
Indian com. t. Stalk supporting the cotyledon, c; g, the first 
leaves of the plant. It is monocotyledonous. 

Fig. 245.— Grain of Wheat, seen on its inner surface. 

Fig. 246. — Grain of Wheat, seen on its outer surface, with the 
small embryo, b, at one side ; all the rest of the grain being occu- 
pied with nourishing matter, a, called albumen, which dies and is 
dissolred 
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g is the young stalk or stem rising upwards. In the 
Indian com (fig. 244) the same parts are seen — the 
roots, r, the cotyledon, c, united to the grain by a stalk, 
and the young stem-leaves, g, 

" Except a corn [grain] of wheat fall into the ground 
and die, it abideth alone ; but if it die, it bringeth 
forth much fruit." We see an apt illustration here. 
The great bulk of the grain of wheat (fig. 245) is com- 
posed of nutritious matter (fig. 246 a), separate from the 
little plant or embryo (fig. 246 h). This matter must 
all be changed and dissolved, in order that the plant 
may spring. Unless it dies, and undergoes solution, 
there can be no nourishment conveyed. Again, the 
sprouting of the grain is taken by St. Paul as an 
emblem of the resurrection. The bare or naked grain 
which is sown is not quickened except it die ; and out 
of the corruption and dissolution which it undergoes 
there springs up, by a wondrous metamorphosis, the 
blade of wheat, or of some other grain. 

In many plants the embryo, in place of having only 
one cotyledon, as in grasses and palms, has two. These 
cotyledons, during the sprouting of the plant, either 
rise above ground, and appear as temporary leaves of a 
peculiar form, as is seen in the lupin ; or they remain 
below ground as fleshy lobes, and are gradually absorbed, 
as in the bean and pea (fig. 20, p. 13). Fig. 247 re- 
presents the germination of the common haricot, where 
r is the root of the young plant, t is the stalk sup- 
porting the two cotyledons, c c, and g g are the first 
proper leayes of the plant. In the orange (fig. 248), 
the cotyledons, c, remain below ground in the seed, a ; 



174 



GERMINATION. 



such is also tho case in the bean and pea, in which the 
cotyledons form the great bnlk of the seed. In plants 
which have no flowers, as ferns, mosses, sea-weeds, and 




Fig. 2 111. Fig. 248. 



fungi, the little germs are simple cells without any 
cotyledon, which send out cellular roots from various 

Fig. 247. —Germination or sprouting of the Haricot (Phaseolua 
vulgaris), Stalk supporting two cotyledons, cc ; g g, the first 
leaves. The plant is dicotyledonous. 

Fig. 248. — Germination or sprouting of the Orange, c, The 
two cotyledons enclosed in the seed, t, and remaining under ground. 
The plant is dicotyledonous. 

Fig. 249. — Germinating spores or germs of a species of Liver- 
wort {Marchantia polyimrp}uib\ in different stages of growth. A 
small cellular protuberance first appears, a, which ultimately 
elongAies, as seen at h. The plant is acotyledonous. 
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parts of their surface. In fig. 249 there is a repre- 
sentation of the germs of a flowerless plant, consisting of 
single cells, with tapering projections forming the roots. 
There is here no distinction of parts, as in the embryo 
or germ of flowering plants. 

It will thus be seen that, according to the nat\ire of 
the embryo or young plant, the whole vegetable king- 
dom can be divided into— 1. Flowering plants having 
one cotyledon, called monocotyledonous plants (figs. 
243 and 244) ; 2. Flowering plants having two coty- 
ledons, called dicotyledonous plants (figs. 247 and 248) ; 
3. Flowerless plants without cotyledons, called acoty- 
ledonous plants (fig. 249). Dicotyledonous plants have 
exogenous stems (figs. 45, 46, p. 27). Monocoty- 
ledonous plants have endogenous stems (figs. 57, 58, 
p. 37). While acotyledonous plants have acrogenous 
stems (fig. 64, p. 41), sometimes entirely cellular. 

In sowing seeds it is of importance to know the tem- 
perature of the soil. The seeds of the common annuals 
should not be sown until the ground temperature reaches 
46° Fahr. Seeds are often preserved in the soil on ac- 
count of its temperature being higher than that of the 
air. The winter temperature of the soil, when covered 
with snow, is in many cases above the freezing-point 
when melting commences, and is considerably augmented 
before the dormant vitality of the plant is aroused and 
germination begins. 

The mean temperature of the soil at 2-3 feet is 
almost throughout the year in India above that of the 
surrounding atmosphere. This is also shown to be the 
case in England; and Mr. Thompson found, at Chis- 
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wick, that the temperature of the soil is, on a mean 
of six years, at the depth of one foot, 1° above that 
of the air, and at two feet, During the winter 

months the soil is from 1-2° warmer than the air, and 
during summer it is a fraction of a degree cooler than 
the air. 

In India the mean temperature of the soil in winter 
may be often 9-10° above the air. The accumulated 
heat in the upper strata of soil prevents delicate rootlets 
from becoming frozen, and preserves the vitality in such 
fleshy roots as rhubarb and orchids. This temperature 
is also useful to the burrowing animals, such as marmots 
and rats, which abound at 15,000 to 17,000 feet above 
the level of the sea at Tibet. The rapid development of 
vegetation after the snow is due to the heat of the soil, 
quite as much as to the increased strength of the sun's 
direct rays, on lofty regions. 

Seeds often remain dormant in the soil, and only 
germinate when certain changes take place on the sur- 
face. When forests are destroyed, it is frequently 
observed that a new set of plants make their appear- 
ance. Oaks and other plants appear in Amei;ica after 
the pine-forests have been cleared. Their seeds must 
have been long in the soil. In Brazil, when a forest 
has been burned, a different kind of vegetation succeeds 
that previously in the soil. 

Some seeds begin to germinate before they are detached 
from the plant. This occurs remarkably in the Man- 
grove Tree (Rhizqphora Mangle^ fig. 29, p. 18), which 
grows at the muddy mouths of rivers in warm climates. 
Coco-nuts often begin to germinate during a voyage from 
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the tropics to Britain, and germinating seeds have been 
found in the interior of gourds. 

QUESTIONS. 

1. What is meant by germination ? 

2. What are the requisites for germination ? 

3. What effect has draining upon the soil as regards 
germination ? 

4. What are the effects produced by burying seeds 
deep in the soil ? 

5. Is there sufficient evidence as to the germination of 
munmiy-wheat ? 

6. Describe the various stages observed in the malting 
of barley as illustrating germination. 

7. What changes tabs place in the cotyledons ? 

8. Describe the germination of a monocotyledon. 

9. Describe the germination of a dicotyledon. 

10. Describe the germination of an acotyledon. 

11. What is the nature of the stem in dicotyledonous 
plants ? 

12. What is the nature of the stem in monocotyledonous 
plants ? 

13. What is the nature of the stem in acotyledonous 
plants ? 

14. In what way does the soil influence germination ? 

15. Mention a peculiarity in the germination of the 
Mangrove tree. 
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THE OROANS OF NUTRITION AND REPRODUCTION IN" 
FLOWERLESS PLANTS. 

Wb have already alluded to the nutritive organs of 
these plants in so far as regards their acrogenous steins 
(pp. 40-42) and their acotyledonous emhryo (p. 174). 
Some of them are composed entirely of cells, such as 
seaweeds, mushrooms, and lichens (figs. 262-266, pp. 
183, 184) ; others have cells and vessels, more especially 
ladder-like vessels (fig. 9^ p. 4). Some have leaves, as 
mosses ; others are leafless, as mushrooms. The leaves 
of some of these plants bear organs of fructification, as 
is the case with ferns, and they receive the name of 
fronds (fig. 251). 

In flowerless plants there are no distinct floral 
organs, such as the calyx, corolla, stamens, and pistil. 
Certain cellular bodies, however, are found in them, by 
the union of which reproductive germs equivalent to 
seeds or to embryo plants are formed. 

In Ferns there occur little clusters of minute sacs 
containing what appears to be brown dust, but which 
in reality consists of microscopic cellules or germs called 
spores. These, when scattered in favourable situations, 
have the power of germinating or sprouting, and thus 
^ve rise to new plants. The clusters of sacs or spore- 
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cases are rounded, or linear, or crescent-shaped, and 
they appear either on the back of the fronds or leaves 
of ferns, as in the common male shield-fern (fig. 250), 
and in the lady-fern (fig. 251), or in spike-like processes, 
as in the royal-fern (fig. 252). The little cases or sacs 
are frequently surrounded by elastic rings (fig. 253), 
which open them, and tlms allow the spores to be scat- 
tered. When the spore germinates it sends out a cell- 



ular expansion (prothallus), as seen in fig. 254, and 

from this arises the proper frond. On this frond-like 

process, p, are developed certain very minute cellular 

bodies, which are supposed to be equivalent to the 

stamens and pistils of the flowering plants. In figs. 

255 and 256 these organs are seen ; -the first showing 

cellular bodies containing moving filaments and repre- 

Fig. 260.— Portion of the frond of the male Shiold-fem (Laatrea 
Filix-maa), showing two sori, s or cluHters of sporangia or spore- 
casea covered with a kidney-shaped involucre or induBium attached 
by the cleft. 

Fig. 261. — Aihyrium Filix-fominOf Lady-fern, a, Entire plant 
much reduced in size, with. root, and frond bearing fhictification ; 
b, Portion of the trond or leaf magnified to show the fhictification. 




Fig. 260. 



b Fig. 261. a 
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senting stamens, the second showing a cellular body 
equivalent to the pistil. 

In the common Horsetail (Equisetum) the little 
germs or spores are surrounded by four filaments with 
each of their extremities swollen, as seen in fig. 257. 
These are hygrometric, and coil round the spore when 




Rg. 262. Fig. 253. Fig. 264. 



moisture is applied, as seen in fig. 268, but spread out 
when dry, as in fig. 257. They appear to be connected 
with the placing of the spore in circumstances fit for its 
growth. These spores form interesting objects under 

Fig. 252. — Frond of the Royal-fern {Osmunda regalis), bearing 
pinnae, /. At the extremity of the frond the pinnae are altered so 
as to bear fructification, consisting of sporangia arranged in a spike- 
like manner on a number of short axes. 

Fig. 253. — Mature sporangium of the Male-fern (Lastrea Filix- 
mas). It is supported on a stalk, jp, some of the cells of which form 
an elastic ring or annulus, a, round the spore-case. The spore-case 
opens at the side to discharge the spores, s. 

Fig. 254. — Young plant of a Fern {Pteris pcUeacea), showing 
the commencement of the frond, /, arising from a fertilized cell ; 
the early frond (prothallus), p, being still attached. 
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the microscope. When breathed upon, the filaments coil 
up in a remarkable way, and again expand when dry. 




Fig. 257. Fig. aan. 



In Mosses the reproductive organs are only seen in 
the young state of the plant. When the moss is fully 

Fig. 265. — Antheridia (i,e. anther-like bodies) fh)m the pro- 
thalliw of tlie coiumon brake {Pteria aquUina). a, An unopened 
antheridium ; 6, antheridium bursting at the apex, and discharging 
free cellules, each containing a moving filameni;; c, antheridium 
after the discharge of the cellules. 

Fig. 266. — Archegonium (i.tf. pistil-like body) of the forked 
spleen wort (Asplenium aeptmtrionode), a, Canal leading to the 
large cell, c, at the base of the archegonium ; e, embiyonic cell, 
whence the proper ftond proceeds. 

Fig. 267. — Spore of Horsetail {EquUetum)^ surrounded by four 
filaments with swollen extremities. These filaments are hygro- 
metric. 

Fig. 258. — The same spore with the filaments coiled round it 
after the application of moisture. 
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dereloped the gemiB or spores are contained in tcm-like 
cases, u (figs. 259, 260, and 261), covered bj a sort of 
yeil, which falls off and displays a lid, o. When 
this lid is separated, as seen in fig. 261 o, there is dis- 
played a series of processes, called teeth, which are 
hygrometric, rising np when dry and folding down 
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when moist. These teeth are either four in number or 
some multiple of four, as 8, 16, 64, 256, etc. They 
surround the top of the case which contains the spores 
in its interior. 

Fig. 259. — A Moss {Funaria hygrometrica) slightly magnified. 
Leaves, /, connected with the stalk, p ; u, urn-like spore-case, with 
its veil, Cf and lid, o. 

Fig. 260. — Um-like case of a Moss (EncalypUi vulgaris) mag- 
nified ; «, stalk, Cf veil, under which, and seen through it, are, u, 
the um-like spore-case, and, o, the lid. 

Fig. 261. — Um-like case, of the same Moss, with the veil 
removed, and the lid, o, taken off to show the row of teeth, p ; s, 
the sUdk hearing the case. 
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Lidtem form the green and yellow coverings of rocks 
otherwise bare of vegetation. They occur abundantly 
in temperate and cold regions. They are found on the 
inhospitable arctic and antarctic rocks, and are the last 
traces of vegetable life seen on ascending lofty alpine 
summits. They consist of a cellular expansion bearing 
rounded discs (fig. 262), which contain tubes with 
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spores or germs (fig. 263). The latter are very minute, 
and are easily carried about by the wind. Lichens are 
the first plants which appear on coral islands, on lava, 
or on new islands which occasionally rise in the ocean. 
They have minute cellular organs of reproduction, visible 
only under the microscope. 

Fungi are illustrated by the mushrooms, toadstools. 

Fig. 262. — Lichen (Parmeliai) with rounded spots of fructifica- 
tion containing tubes with minute germs. 

Fig. 263. — A theca or tube, of a Lichen, containing four 
nucleated cells. These cells ultimately form sacs containing numer- 
ous minute spores. Round the theca are cellular filaments, p. 

Fig. 264. — Part of the fructification of the Mushroom (Agaricus 
campestris). The cellular stratum, bearing the fructification, is 
marked h, and below it is another set of cells, sh. A cell, b, bears 
at its apex four spores, sp, which are supported on stalks. 
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and moulds. They too present little germs attached to 
various parts of the plants (fig. 264), and sometimes 
contained in tubes (fig. 265). In an ordinary mush- 
room (fig. 266) the following parts are seen ; a spawn, 
myy consisting of thread-like cells developed under- 
ground ; from this is produced a stalk, st, bearing at its 
summit a cap-like portion, on the under surface of 
which are seen gills or lamellae, la and 7^, on which the 
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young germs are placed. From the edge of the cap 
there extends to the stalk in a young state a thin cell- 
ular membrane called a veil, which is finally ruptured, 

Fig. 265. — ^Vertical section of the fructification of a Fungus 
(Peziza), showing the cellular stratum, c, bearing club-shaped spore- 
cases or thecae, which contain nucleated cells, sja. Along with 
the thecae are cellular filaments, p. 

Fig. 266. — Vertical section of a Mushroom {Agaricus campes- 
tris) ; my, mycelium or spawn ; vol, remains of volva or wrapper, 
which covers the fructification in the young state ; st, stipe or stalk, 
which is hollow internally ; an, annulus or ring, being the remains 
of the veil which extended from the edge of the pileus to the stipe ; 
/!a, lameUse or gills, on a cellular base, h ; p, the pileus or cap. 
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the remains of it forming a ring, an, round the stalk. 
In the very early state of the plant, before it rises up- 
wards, it is enclosed in a wrapper, voZ, which gives way 
as the mushroom is developed. In moulds (fig. 267) 
we observe a spawn, m, which extends 
itself among the decaying matter, and 
gives rise to a stalk, /, which bears the 
fructification, 8, The minute germs of 
fungi are dispersed everywhere through- 
out the atmosphere, and ai'e ready to 
alight on any substance in which they 
can find a nidus. Hence we see mould 
spring up rapidly wherever there are 
circumstances favouring its growth. Paste or bread 
cannot be kept long without becoming mouldy. 
Fungi grow with astonishing rapidity. Their spawn 
spreads throughout the soil or decaying matter, and, 
when circumstances are favourable for their growth, the 
fructifying stalks spring up from vaiious parts of the 
spawn. Thus crops of mushrooms appear in the course 
of a single night. One of the puff-balls has grown in a 
single night, in damp weather, from the size of a mere 
point to that of an enormous gourd. By a constant divi- 
sion of cells the production of new ones goes on in geo- 
metrical progression. Thus, if one cell becomes 2 in the 
course of 20 minutes, then in 40 miniftes 4 will be found, 
in I hour 8, in 2 hours 64, in 3 hours 512, in 6 hours 
262,144, and in llf hours upwards of 41,000 millions. 

Fig. 267. — A species of Mould {Mucor) showing the spawn, m, 
bearing a stalk, /, ending in a sac, which encloses numerous very 
minute spores. The spores are discharged by the bursting of the 
sac. 
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The barrack bread at Paris, a few years since, was un- 
eatable twenty-four hours after it had been baked, 
from the development of a kind of red mould (Peni- 
cilliurn) within its substance. Species of coprini or 
dunghill toadstools occur sometimes on the wood of 
beds a day or two after they have come from the car- 
penter's hands. The germs of fungi insinuate them- 
selves into the tissues of animals, and cause their death. 
Silkworms are liable to a disease called muscardine, 
which is caused by the attacks of fungi. Wasps in the 
West Indies suffer in a similar way, so also do cater- 
pillars in Australia. Even man is liable to be at- 
tacked by them, and several diseases of the skin and 
mucous membrane are caused, or at all events modi- 
fied, by fungi The diseases of grain, such as smut and 
rust, are due to a similar cause. Timber, when not 
well seasoned, and exposed to the attacks of fungi, 
without proper ventilation, becomes affected with dry- 
rot, which is owing to the insidious progress of a fungus, 
the spores or germs of which insinuate themselves into 
the wood, begin to form their spawn, and thus speedily 
cause complete decay. The appearance of such a fun- 
gus on the walls of houses may be referred to in Levi- 
ticus xiv., where a description is given of what is called 
the leprosy of the house. This plague extended itself 
over the wood, the stones, and the mortar of the house, 
and could only be cured by pulling all down. The 
spawn of some fungi has been found to attack gutta- 
percha, and cause great injury to telegraph-wires under- 
ground. Some telegraph-wires passing under oaks have 
been thus injured. Some fungi are luminous. 
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AlgcB, or Seaweeds, are plants of a cellular nature, 
living either in salt or in fresh water, and which have 
no floral envelopes, and no stamens or pistils. Their 
reproductive germs are either arranged in clusters 
of four (fig. 268), or are contained in cases or sacs of 
various kinds (fig. 269). Some seaweeds are brown- 
coloured, as the common tangle ; others are red, as the 
dulse ; others, as confervsB and lavers, are green ; while 
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a fourth set are very brittle, on account of having a 
siliceous or flinty covering. 

In the common seaweed (Fucus veaiculoaus), as seen 
in fig. 270, the frond, / e, displays little bladders of air, 
Vf which enable it to float, and receptacles of germs, t, 
associated with a slimy sort of mucus. Some seaweeds 
have stalks several hundred feet long, and their fronds 
float on the surface of the ocean by means of bladders 
of air. Some of the fresh-water algsB are composed of 
simple rows of cells, as seen in fig. 271. These cell- 
ular filaments in some instances unite together, as seen 

Fig. 268. — Sac containing four germinating spores taken from 
one of the rose-coloured Seaweeds {Callithamnim cruciatum). 

Fig. 269. — Part of the fructification of a rose-coloured Seaweed 
(Bannemaisonia asparagoides). It consists of an ovate sac with a 
terminal opening, and containing a tuft of pear-shaped germinating 
cells or spores. 
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in fig. 272, by means of a tube, ^; and in this way the 
contents of one cell pass into another, so as to form a 
germ or spore, gr. In those plants which are familiar 
to all as forming the green slime of ponds, there are 
moving filaments observed, as well as moving spores. 
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The latter, as represented in figs. 273, 274, 275, and 
276, are furnished with hair-like processes, which either 
come off from one point in clusters of two and four (figs. 
273 and 274), or more (fig. 275), or they surround the 
whole spore as with a fringe (fig. 276). These minute 
hairs exhibit movements for a short time after the spores 
are separated from the plant ; their vibration ceasing 

Fig. 270. — Frond, / e, of Fucus vesiculosus, a common Sea- 
weed ; V, bladder of air ; ^, cases containing spores and mucus. 

Fig. 271. — Conferva or fresh-water Alga, composed of cells 
m'tb green cellular matter inside. 



whgaeiCT the spore becomes fixed and begins to sprout. 
The Intlle migae called dutoms mre remarkable ft* the 
diTiacn of their ceQs (fig 377X It has been calcokted 
that, hf s^-driiskHi, oaie oi the diatoms maj be pro* 
pigiUed at the nte of a thousand millions in a sdngle 
month. Moieorer, bj the process of cotyagation^ eeUuIar 
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bodies, called frustules, are producoil, which aro very 
mach larger than the ordinary size of the parent, 
and which multiply also by self-division. Diatoms 
occur in all parts of the world, and in some places form 

Fig. 272. — Two filaments of a fresh-water Alga {Xjffft^ma) unitwl 
by tubes, p. The contents of one cell, c, \ma into anotlier cell, f , 
on the left, and thus the spore, as seen at gr^ is protluceil. In the 
lowest cells moving thread-like boilies are seen. '>.c<«Me 

Fig. 273. — Moving spore of one of the Confervro {Chfettyphortt). 
The spore consists of a vesicle, v, to which are attacheil four cilia 
or vibratile filaments, c, which move for a certain time after the 
spore is discharged. 

Fig. 274. — Moving spore of Conferva, with two cilia at one end. 

Fig. 275. — Moving or swarm spore or zoospore of Conferva, with 
a tuft of cilia at one end. 

Fig. 276. — Moving spore of Vaucheria surrounded by cilia. 



190 DIATOMS. 

enormous deposits. The city of Eichmond, in Virginia^ 
is said to be built on a stratum of diatomaceons remains 
18 feet in thickness. The substance called Berg-mehl, 
or Mountain-meal, in Sweden, is composed of fossil 
diatoms. Their flinty covering prevents them from de- 
caying, and enables them to resist the action of Are and 
of acids. The markings on many of them are very 
beautiful, and they constitute excellent test-objects for 
the microscope. 

In red snow an alga is produced called Protococcus 
nivalis, or the red-snow plant. It consists of a minute 



Fig. 277. 

globular cyst, resembling in appearance a red currant on 
a very small scale. The plant is seen in the snow of 
arctic regions. It is not, however, seen in antarctic 
regions, nor did Ds. Hooker meet with it on the 
Himalaya. Blood-rain is due to the presence of an 
alga called Palmella prodigiosa. This plant was 
developed in less than twenty-four hours, under the 
eye of Dr. Montague, in such quantities as to cover 
cooked provisions with a dark blood-red slime. The 
red and green colours seen in the ocean and in lakes 
are owing to the presence of algae. Some algae have a 

Fig. 1277. — Fnistules of a diatomaceons Alga (Diatoma man- 
nwm), separating from each other. The fmstnles of the plant vary 
from nearly square to six times as long as broad. 
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jelly-like appearance, and were formerly sappoeed to 
have fallen from the sky, and to be the remains of 
fallen stars. Hence, species of Nostoc received the 
names of sky -jelly and star-jelly. The moving or 
swarm spores or zoospores of algsB are not developed by 
the ordinary process of reproduction, namely by an- 
theridia and archegonia, but may be considered as 
separable cells or cellular germs giving rise to new 
individuals. There are also in the red seaweeds resting 
or motionless spores, produced in the same way, and 
formed in fours in special sacs (fig. 268). 

QUESTIONS. 

1. What is meant by flowerless plants, and what other 
names are given to them ? 

2. Describe the ordinary fructification of ferns. 

3. What is meant by spores ? 

4. What functions do spores perform ? 

5. In what organ are spores contained ? 

6. In the common male shield-fern where are spore- 
cases found 1 

7. How do spore-cases burst and scatter the spores ? 

8. How do spores germinate ? 

9. What kind of organs are found in ferns equivalent 
to stamens and pistils ? 

10. Describe a peculiarity in the spores of the horsetail. 

11. Describe the fructification of a moss. 

1 2. What is meant by the teeth of mosses ? 

13. What numbers have been noted in the teeth of 
mosses ? 

14. What is meant by the lid in the fructification of 
mosses ? 

16. What are lichens 1 

16. In what kind of climate do they abound 1 
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1 7. Mention plants belonging to the fungi. 

1 8. Describe the parts of an ordinary mushroom. 

1 9. What is the spawn of mushrooms ? 

20. What are the gills of a mushroom, and what do 
they bear on their surface ? 

2 1 . What is meant by the veil of a mushroom 1 

22. What is the wrapper of a mushroom ? 

23. What is mould ? 

24. Mention any remarkable facts in the growth of 
fungi. 

25. Are fungi in any way connected with diseases ? 

26. What is muscardine ? 

27. What are algae ? 

28. Describe their fructification. 

29. What colours are foimd in seaweeds ? 

30. Is there any apparatus for enabling seaweeds to 
lioat ? 

31. What movements have been observed in the spores 
uf algae 1 What are zoospores ? 

32. What are diatoms ? 

33. Explain conjugation in certain algae. 

34. What constitutes the Mountain-meal (Berg-mehl) of 
Sweden ? 

35. What kind of covering is found in diatoms ? 

36. How do diatoms divide ? 

37. What plant is found in red snow ? 

38. What is the nature of blood-rain ? 

39. What is meant by sky-jelly and star-jelly ? 



PART 11. 



THE ARRANGEMENT OR CLASSIFICATION 
OF PLANTS. 



CHAPTER L 

GENERAL REMARKS ON 0LAS8IFI0ATI0N. 

In examining the vegetable kingdom, we observe that 
the individuals composing it are formed by the Al- 
mighty in accordance with a principle of order, as well 
as a principle of special adaptation. We have already 
remarked the order pursued in the arrangements of the 
various parts of the root, stems, leaves, and flowers of 
plants, and we have traced, in some degree, the modes 
in which they are fitted to perform their different func- 
tions. Wo now proceed to apply the facts of vegetable 
anatomy and physiology to the classification of plants^ 
and to consider the plan according to which they are 
grouped together in classes and families. 

We see around us various kinds or sorts of plants, 
more or less resembling each other — or, in other 
words, more or less related to each other. In systematic 
botany we endeavour to mark these resemblances, 
and to determine their relations. It is impossible 
to give a scientific arrangement of the plants of the 
globe without a thorough knowledge of structure, and 
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without an extensive acquaintance with the vegeta- 
tion of all parts of the world. "We cannot expect to 
determine the system on which plants have been 
grouped until we are familiar with all the forms which 
they present. Hence, in the present state of our know- 
ledge, there must bo imperfection in our attempts at 
systematising. The floras of many regions in Africa, 
India, China, Australia, and America, are still unknown, 
and wo may therefore conclude that in all systems 
there will be gaps, to be filled up as our knowledge 
increases. Sufficient, however, is known to enable us 
to group plants according to certain evident alliances. 

The necessity for arrangement is evident, when we 
reflect that there are more than 150,000 known species 
of plants on the earth. In order to make these avail- 
able for scientific purposes, it is absolutely essential that 
they should be named and classified. In associating 
plants in certain groups, we naturally proceed on an 
idea of resemblance or likeness. While in ordinary 
language this idea is vague and indefinite, in scientific 
language it must be strict and precise. It is not 
enough to say that one plant resembles another in its 
general aspect, we must ascertain the particulars of 
agreement, and the points in which they differ; we 
must weigh well the importance of the characters, and 
must compare organs which are equivalent in value ; 
and thus we shall often find, that plants which to 
common observers appear alike are in reality totally 
different. The study of the anatomy of plants gives us 
a strict and accurate technical language, which must be 
rigidly adhered to in classification. 
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Plants as they occur in nature, are viewed as in- 
dividuals resembling or differing from each other. 
Some individuals are so decidedly alike that we at once 
give them the same names. Thus a field of wheat is 
composed of numerous similar individuals which can be 
separated from each other, but cannot be distinguished 
by any permanent or marked difference. Although 
there may be some variation in size and other minor 
points, still we at once say they are stalks of wheat. 
Every grain of wheat, when sown, produces a stalk 
of wheat ; these stalks yield grains, which produce 
individuals like their parents. The shoots or buds 
given off from the base of wheat-plants by tillering also 
produce stalks of wheat. On such universal and in- 
evitable conceptions as these, our ideas of Species are 
founded. 

Looking at the present vegetation of the globe, a 
species may be defined as an assemblage of individuals 
presenting certain constant characters in common, and 
derived from one original stock. For each species we 
believe that there has been a parent stock, which has 
given origin to a succession of similar individuals. 
They may differ slightly in size, or in colour, and other 
unimportant respects, but they resemble each other 
more closely than they resemble any other plants, and 
their seeds produce similar individuals. Observation 
and common daily experience demonstrate, in the actual 
circumstances in which we exist, the permanence of the 
types which constitute the species of living bodies. 
There is no evidence whatever of a transmutation of 
species. The erroneous statements regarding the con- 
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version of oats into rye have arisen from imperfect 
observations. The individuals, however, of a species 
may present certain differences in regard to size, colour, 
etc., these differences depending on soil, and on different 
conditions of heat, light, and moisture. Such differences 
are not incompatible with the idea of a common origin; 
and, moreover, there is always a tendency to return 
to the original type. Some, however, suppose that 
species are not fixed, but that they are transitive forms, 
derived by a process of so-called natural selection from 
those which existed at former epochs of the earth's history. 
We shall not enter here into the speculations relating to 
the origin of species. "We may indulge in conjectures 
as to the mode in which species have been formed, 
but we have not yet been able to fathom the depths 
of God's doings in the creation and perpetuation of 
species. 

What are called Varieties are variations^ in species 
which are not in general of a permanent character, and 
cannot be kept up in ordinary circumstances by seed. 
By cultivation, however, such varieties are sometimes 
perpetuated. This is usually accomplished by means 
of cuttings or grafts, and in certain instances even by 
seed. Thus the varieties of the cereal grains and of 
culinary vegetables have been propagated so as to con- 
stitute permanent Eaces, 

Plants under cultivation are liable to sport, as it 
is called, and the peculiarities and variations thus pro- 
duced are sometimes kept up. All the varieties of 
cabbage, cauliflower, brocoli, savoys, and curled greens, 
are derived from one stock — Brassica oleracea. This 
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plant grows wild on tho soa-ehore, and when cultivated 
it undergoes remarkable changes. Thus it forms a 
heart, as in ordinary cabbage ; its flower-stalks become 
thickened and shortened, as in cauliflower and brocoli ; 
or its parenchyma is largely developed between the 
vessels, so as to give rise to the crisp and curled ap- 
pearance of greens. This tendency in the plant to 
produce monstrosities was early noticed by cultivators, 
and care was taken to propagate those individuals 
which showed abnormal appearances. The seeds of 
such were saved, put into good soil, and no plants were 
allowed to remain except such as presented the required 
form. In this manner certain races of culinary vege- 
tables have been established. If, however, these 
cultivated plants are allowed to grow wild and scatter 
their seed in ordinary soil, we believe that they will, in 
the progress of time, i;evert to the original type or 
species. Instances such as these show the remarkable 
effects of cultivation in perpetuating varieties by seed. 
In regard to the cereal grains — wheat, barley, oats, etc. 
— ^they have been so long cultivated that we 'are at a 
loss to know the original types or species. We have 
been forced, in the meantime, to call them species, al- 
though they are probably mere cultivated varieties of 
unknown species, perpetuated as races. 

It is of great importance to distinguish between 
mere varieties and true species, and to determine the 
limits of variation in difierent species. By not attend- 
ing to this, many mere varieties have for the time been 
described as species, and thus great confusion and in- 
correctness have arisen both in descriptions and in 
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arrangements. Another source of fallacy arises from 
hybrids being occasionally reckoned as true species. 

Certain species, not identical in origin, have com- 
mon features of resemblance, and are associated together 
under what is called a Genus, A genus, then, is an 
assemblage of nearly-related species, agreeing with one 
another, in general structure and appearance, more 
closely than they accord with other species. Thus the 
Scotch rose, the Dog rose, the China rose, and the 
sweet-brier, are all different species included in one 
genus, Rosa. It may happen that a single species may 
be reckoned as forming a genus, when the pecuKarities 
are as marked as those constituting other genera. Thus, 
if there was only one species of oak, it would be suffi- 
cient to constitute a genus, as much so as at present 
when it includes 200 species. It is distinguished by 
its acorn from other allied genera, such as the beech, 
the hazel, and the chestnut. The species in a genus 
present one general plan, and may be said to be formed 
after the same pattern. Some species- of a genus, 
having special points of resemblance, may be grouped 
together in a Sub-geniis, 

On looking at genera, it will be seen that some of 
them, such as oaks, hazels, beeches, and chestnuts, have 
a strong resemblance or family likeness, and that they 
differ remarkably from such genera as firs and pines, 
maples and ashes. Certain genera may in this way be 
grouped so as to form Orders or Families, While 
genera are groups of allied species, orders are groups of 
allied genera, or, in reality, more comprehensive genera. 
Thus, £t8, pines, and larches belong to different genera. 



CLASSES AND SUB-CLASSES. 



199 



but all agree in being cone-bearing, and are grouped 
under Coniferse. The rose, the raspberry, the bramble, 
the strawberry, the cinquefoil, the cherry, and the 
plum, all agree in their general form and structure, and 
are united under Rosaceee. Certain genera have more 
points in common than others, and are grouped to- 
gether under subdivisions of orders called Sub-orders, 
Thus, the plum and the cherry have a drupe as their 
fruit, and are more nearly allied to each other than 
they are to the apple ; agaiu, the strawberry, raspberry, 
and bramble, are more allied to each other than to the 
cherry or apple. We have thus Sub-orders of Rosaceea 
— ^namely, Amygdalese, including the plum, peach, 
cherry, and almond ; Pomeee, including the apple, pear, 
medlar, and quince ; PotentillesB, including the straw- 
berry, cinquefoil, and raspberry ; and Rosese, compre- 
hending the roses. 

Certain orders, agreeing in evident and important 
general characters, are united together so as to form 
Classes; and subdivisions of classes are made in the 
same way as in the case of orders. There are thus 
Sub-classes associating certain orders included in one 
class. 

The usual divisions are thus, Classes, Orders, Genera, 
and Species. These occur in all systems of classification. 
A more minute subdivision may be made as follows : — 



I. Classes. 

a. Sub-classes. 
II. Orders or Families. 

a. Sub-orders. 

b. Tribes. 



III. Genera. 

a. Sub-genera. 

IV. Species. 

a. Sub-species. 
h. Varieties. 



c. Sub-tribes. c. Kaces. 
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An enumeration of the marks by which one Class, 
Order, Genus, 'or Species, is distinguished from another 
is called its Character. In giving the characters of any 
division, we notice merely those which are necessary to 
distinguish it from others. This is called the Essential 
Character. A plant may also be described completely, 
beginning at the root, and proceeding to the stem, 
branches, leaves, flowers, fruit, seed, and embryo. This 
is not essential, however, for the purpose of classifi- 
cation, and would be quite superfluous in that point of 
view. In the character of the classes the important 
points of structure on which they are constituted are 
given. In the character of orders (the ordinal cha- 
racter) we give the general structure of the included 
plants, especially of their flowers and fruit. In the 
generic character we notice the modification of the 
ordinal character in a given genus — the character being 
taken from the parts of the flower and fruit, as in the 
order. In the specific character are included certain 
less important modifications of form, whether in the 
stem, leaves, or flowers, which serve to distinguish allied 
species. 

The essential character of a genus, when given in 
Latin, is put in the nominative case, that of a species 
in the ablative. The names of the classes are variously 
derived, according to the views of the authors in regard 
to classification. They express some points of struc- 
ture or development which are of marked importance 
or permanence. The orders are named from some 
characteristic genus included in them, except in arti- 
jBcial methodSf where some organ is taken as the means 
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of distinction. Genera are derived either from the 
Latin name of one of the species, from the structure or 
qualities of the included species, or from the name of 
some botanist, etc. Thus Prunus is a genus including 
the plum, the sloe, etc. ; Rosa, the rose ; Papaver, the 
poppy ; Hookeria is a genus named after Hooker ; 
lithospermum, from two Greek words signifying a stone 
and seed, is given to a genus, the species of which have 
hard stony achenes. 

In giving the name of a plant, we mention its genus 
and species. Thus the common Dog-rose is called 
Rom canina, the first being the generic name, the 
second the specific. Specific names may indicate the 
country in which a plant is found, the locality in which 
it grows, the form of its roots, stem, or leaves, the 
colour of its flowers, etc. A species named in honour 
of its discoverer or describer has the specific name 
usually in the genitive, as V&ronica Jacquini named 
after Jacquin. When the name is given in compliment 
to a botanist, without reference to the discovery, then 
the specific name is in the adjective form, as Ve7'07iica 
Ldndleyana, Sometimes a generic name is used spe- 
cifically, and then it is put as a noun after the genus, 
with a capital letter, and the two names may not agree 
in gender; thus we have such names as Cratcvgus 
Oxi/acantha, ^thusa Cynapium, Viburnum Opulus, 
Veronica ChamcRdinjs, To the genus and species 
are added certain letters indicating the botanist who 
founded them. Thus Valeriana^ L, is the genus 
Valerian as constituted by linneous; and Valeriana 
officinalis^ L, is the officinal Valerian as described by 
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Linnaeus ; Oxytropis, DO,, is the genus so called by 
De Candolle. 

The following formulae have been proposed for the 
purpose of expressing the arrangements of the parts of 
the flower. The several whorls are represented by 
letters, thus : — S means sepals, P = petals, St = stamens, 
C = carpels. The parts constituting the diflferent 
parts of the whorl are marked by numbers placed 
after each of the letters. Thus the formula : — SgPgStgCg 
means that the flower is perfect and pentamerous, each 
of its whorls consisting of 5 members, viz. 5 parts of 
the calyx and 5 of the corolla, 5 stamens, and 5 carpels 
forming the pistiL This may be seen in the case of 
the common flax (lAnum), If any of the whorls, 
such as the staminal whorl, consisted of 10 in place 
of 5 parts, then the formula would be — SgPgStg ^ 5C5. 
This would indicate that while the parts of the calyx, 
corolla, and pistil, are arranged in single whorls of 
five parts, the stamens are arranged in two alter- 
nating whorls of five. This may be seen in the stone- 
crop (Sedum). 

The following formula will represent the decussate 
arrangement in the flowers of Maianthemum hifoUum, 
a kind of Solomon's seal : — S2P2St2 ^ 2^2- There is 
here a decussate arrangement by twos, and the stamens 
are in 2 whorls of 2 each. 

To represent the flower of the lily (Lilluin) the fol- 
lowing formula may be given : — SgPgStg ^ 3C3. This 
indicates 3 sepals (or parts of the outer perianth), 
3 petals (or parts of the inner perianth), 6 stamens in 
two rows of 3 each, and 3 carpels forming the pistil. 
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In tho case of the nettlo (lJrtica\ where the whorls 
are not complete, the Btaminato flower is represented 
thus : S4rQSt4Co. In this case the calyx is formed of 
4 members, the petals are wanting, the stamens are 4, 
and the carpels (pistil) wanting. Tlie flower is there- 
fore monochlamydoouH and Htaminato. Wliile, again, 
the pistillate flower of the nettle has this fonnula — 
SgPoStoCi. This indicates 2 parts of the calyx, no 
petals, no stamen, and 1 cari^l. While the absence of 
a whorl is indicated by the symbol (0), the absence of 
any member of a whorl is marked with a dot (.). If 
there are more than one member absent, then the number 
of dots will indicate this, and tlie arrangement of the 
dots will show the position of the absent parts. 

The formula for an orchis flower in its fully ex- 
panded state is given tlius : — S^PaSt i ^ ^,(Jj,. Tliero are 
3 parts of the calyx and 3 of the corolla, tlio inner row 
of stamens is wanting, while the outer row consists of 
one perfect stamen and two abortive stamens, marked • 
tho dots being placed so that tho imperfect stamens are 
shown to be inferior, while the perfect one is superior. 

In an orchid called Lady's-slipper I^Cijpnpndlum) 
the formula for its fully developed flower is as follows : 
— SaPgStQ ^. 2C3. In this case the outer staminal whorl 
is wanting, but the inner consists of two perfect stamens 
placed above, and one imperfect stamen below, marked 
})y a dot.* 

* ThoHo fommlw roprcHent orchldeous flowero in their fully ox- 
])an(lwl condition. It must be home In mlntl, however, that thoHO 
llowerH lire a(!timlly turned round hy a twintlng of the ovary on 
which they are HupiuirtcMl, ho that the partH which are Huperlor In 
tho young Htate become Inferior when tho flower Is fully devol()\)cd. 
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To indicate that the parts of a whorl are united or 

coherent, the symbol ^ is used. Thus : — S means 
united or coherent sepals, the calyx being gamosepalous. 

P means united or coherent petals, the corolla being 

gamopetalous. St means that the stamens are united 
or coherent, the flower being gamostemonous (mona- 

delphous or syngenesious). C means that the carpels 
are united or coherent throughout, being gamocarpellary 

(sy ncarpous). Thus, Sg Pg Stg'^g Cg means a flower with 

5 coherent sepals, 6 free or non-coherent petals, 10 
stamens coherent in two rows of 6 each, and 5 coherent 
carpels. This formula will apply to many plants of the 
Mallow order (Malvaceae). 

The formula for a speedwell (Veronica) will be 

S4P4St2C2. lliat means calyx of 4 coherent sepals, 
corolla of 4 coherent petals, stamens 2, not coherent, 
carpels 2, coherent. 

The formula for the blossom of a convolvulus will 

be : — SgPgStgCg. That is, 5 sepals, 6 coherent petals, 

6 stamens, and 2 coherent carpels. 

The formula for a pea -blossom (a papilionaceous 

flower) is given thus S5P5St^4 ^ ^Ci. This means 
that there are 5 parts of a gamosepalous calyx, 5 petals, 
5 stamens of the outer whorl and 4 of the inner whorl 
have united into a tube, while the posterior stamen of 
the inner whorl is free, and the pistil is formed of one 
carpel. 

Various other matters may be embraced in such 
formulad. For instance, the superposition (opposition) 
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of parts in two whorls wliich are next each other is 
marked by a perpendicular line between the two, thus : 

85 P5 I StjCs. This case may represent the primrose, 
in which the stamens are superposed or opposite to the 
parts of the corolla, the superposition being indicated 
by the line. 

The preparation and application of these formula) is 
a useful exercise for a pupil, and the full consideration 
of them may be delayed until the natural orders come 
under examination. A teacher may therefore con- 
yeniently postpone them till a more advanced period 
of a course. 

QUESTIONS. 

1. What idea guides us in the grouping of plants ? 

2. What is meant by a species ? Qive an example. 

3. What is meant by a variety ? Qive an example. 

4. What is meant by races of plants ? Give an ex- 
ample. 

6. What is meant by a genus ? Give an example. 

6. What is meant by an order ? Give an exauiple. 

7. What is meant by a sub-order ? Give an example. 

8. What is meant by a class ? Give an example. 

9. What is meant by a sub-class ? Give an example. 

10. What is the origin of the cultivated cabbage, cauli- 
flower, and greens ? 

11. How is cauliflower produced? What is the part 
of the plant used for food ? 

12. What is meant by the essential character of a 
species or genus ? 

13. What is meant by the letter or letters placed after 
a genus or species ? 
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14. Give an iiiBtance of a generic name. 

15. Give an instance of a specific name. 

16. Explain the abbreviations S, P, St, and C, as used 
in descriptive formulse. 

^ ^ ^ 

17. Explain the abbreviations S, P, St, C 

18. Explain the following formula §5 Ps St5 C5 

19. Explain the following formula : — SsPsSts + 3C3 

20. Explain the following formula : — S3P3Sto;+ 2 C3 

21. Explain the following formula S5P6St5+"4 + iCi 

22. Explain the following formula : — S3P3St i + 0C3 



CHAPTER II. 



SYSTEMS OF CLASSIFICATION. 

There are two systems pursued in the arrangement 
of plants ; one is called the Artificial method, and the 
other the Natural method. The higher divisions of 
classes and orders in these systems are founded on 
entirely different principles, while the genera and species, 
or the minor divisions, are the same in both. The 
genera and species are very differently arranged in the 
two systems. In artificial methods one or two organs 
are selected in an arbitrary manner, and they are taken 
as the means of forming classes and orders ; while in 
the natural method plants are grouped according to 
their alliance in all their important characters. Plants 
belonging to the same class and order in the former 
system may have nothing in common except the number 
of the stamens and pistils, or the form of their flowers, 
or some other arbitrarily-selected character; while in 
the latter, plants in the same class and order are related 
by true affinity, and correspond in all the essential 
points of their structure. When a student knows the 
artificial class and order to which a plant is to be re- 
ferred, he does not thereby become acquainted with its 
structure and properties ; plants diametrically opposed 
in these respects may be associated together. When 
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he detennines, on the other hand, the place of a plant 
in the natural system, he necessarily acquires a know- 
ledge of its structural relations and affinities. Hence a 
knowledge of the latter system must be the aim of 
the botanical student. 

L — Artificial Systems of Classification. 

Attempts at an artificial methodical arrangement of 
plants were made by Caesalpinus, Morison, Rivinus, and 
Tournefort, but the system generally adopted was that 
of Linnaeus, founded on the essential organs of repro- 
duction in plants. It is called an artificial method, 
because it takes into account only a few marked cha- 
racters in plants, and does not propose to unite them 
by natural affinities. It is an index to a department 
of the book of nature, and as such is useful to the 
student. It does not aspire to any higher character, 
and although it cannot be looked upon as a scientific 
and natural arrangement, still it has a certain facility 
of application which commends it to the tyro. In 
using it, however, let it ever be remembered that it 
will not of itself give the student any view of the 
true relations of plants as regards structure and proper- 
ties, and that, by leading to the discovery of the name 
of a plant, it is only a stepping-stone to the natural 
system. 

In the artificial system of Linnaeus, plants are 
divided into Flowering and Mowerless — the latter 
being included in the twenty-fourth class, under the 
name of Cryptogamia, and the former, or Phanerogamia, 
being divided into twenty-three classes, the characters 
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of which are founded on the number, the insertion or 
position, the relative length, and the connection of the 
stamens. Among flowerless plants the orders are 
similar to those of the natural system, while in flower- 
ing plants they are determined by the number of 
the styles, the character of the fruit, the number and 
connection of the stamens in the classes where these 
characters are not already taken into consideration, and 
on the perfect or the incomplete nature of the flowers 
as regards stamens and pistils. 

The following are the Classes of the linnasan arti- 
ficial system : — 

A. Flowering Plants, Phanerooamia. 

I. Stamens and Pistils in every flower. 
1. Stamens unconnected. 

a. Stamens either of equal length, or at all events 
neither didynamous nor tetratlynanious : — 

1 in number in each flower . Class I. Monandria. 

Examples. — Mare's- tail, red valerian. 

2 in number in each flower . Cl. II. Diandria. 

Ex. — Speedwell, privet, ash. 

3 in number in each flower Cl. III. Tiiandria. 

Ex. — Iris, grasses, common valerian. 

4 in number in each flower Cl. IV. Tetrandria. 

Ex. — Lady's-mantle, bedstraw, plantago. 
6 in number in each flower Cl. V. Pentandria. 
Ex. — Primrose, violet, hemlock, harebell. 

6 in number in each flower Cl. VI. Hexandria. 

Tulip, lily, hyacinth, rush. 

7 in number in each flower Cl. VII. Heptandria. 

Ex. — Chickwced winter - green, horse - 
chestnut. 

8 in number in each flower CH. VIII. Octandria. 

Ex, — Heath, blaeberry, herb-paris. 

9 in number in each flower Cl. IX. Enneandria. 

Ex, — Flowering-rush ^BiitomMa\* 

P 
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Stamens 10 in number in each flower . CL X. Decandria. 
JEb.— Saxifrage, pink, stonecrop. 

12 to 19 in number in ) ^1. XI. Dodecandria. 
each flower . ) 

Ex. — Mignonette, agiimony. 
20 or more on the calyx. CL XII. Tcosandria. 

Ex, — Rose, strawberry, pear, cactus. 
20 or more on the receptacle. CI. XIII. Polyandria. 
Ex. — Buttercup, anemone, poppy. 
b. Stamens difl*ering in length in certain proportions : — 
2 long and 2 short . CI. XIV. Didynamia. 

Ex, — Dead-nettle, frogsmouth, figwort. 
41ong and 2 short (flower » ^j. xv. Tetradynamia. 
cruciform) . . ) 

^jj. —Wallflower, shepherd's-purse, draba. 
2. Stamens connected — 

By their filaments in one U XVI. Monadelphia. 

parcel or tube . . ) 

JSte.— Geranium, mallow, hollyhock, cotton. 

By their filaments in two ) 

parcels, usually papili- > CL XVII. Diadelphia. 

onaceous . • . ) 

Ex. — Vetch, clover, fumitory. 

By their filaments in ) ^, vttttt t> i j i v 
, S-CL XVIII. Polyadelphia. 
three or more parcels, j j r 

Ex. — St. John's wort. 
By their anthers (com-)^, vtv a 
posite flowers). . . }^ Syngenesia. 
Ex. — Dandelion, daisy, thistle, groundseL 
With the pistil on a column CL XX. Gynandria. 
Ex. — Orchis, birthwort, 
II. Stamens and pistils in separate flowers — 

On the same plant . CL XXI. Moncecia. 

Ex. — Hazel, sedge, euphorbia, arum. 
On two separate plants . CI. XXII. Dioecia. 
Ex, — ^Willow, poplar, hop, hemp. 
III. Stamens and pistils in the same \ 

and in separate flowers on the > CL XXIII. Polygamia. 
same or on separate plants . ) 

^£c.— Orache, aea-ig^talane, pellitory. 
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OigMiiofreprodiictionino ^ XXIV. CryptogMniiL 
canspicaoas . . > 

Ex. —Ferns, mosses, seaweeds, mushrooms. 

The following are the Orders of the TinnaRan system. 
In the first thirteen Classes the number of free styles 
determines the Order. 



CkuM 





v/ruur X. jnoiii^jriiiu . . . x losc bi>jic. 




Ex(itnpl€8,'—J^Tii0T066f Speed welL 








— Pink, grasses, saxifrage. 




8. Trigynia .... 8 „ 


I. 


Ex, — Chick weed, sandwort, catchfly. 


II. 


4. Tetragynia . . .4 free styles. 


III. 


Ex, — Herb Paris. 


IV. 


5. Pentagynia ... 6 ,, 


V. 


Ex, — Stonecrop, campion, columbine, flex. 


VI. 


6. Hexagynia . . .6 free stylea 


VII. 


Ex, — Flowering rush (Butomus). 


VIII. 


7. Heptagynia . . . 7 „ 


IX. 


JSu.— Septas. 


X. 


8. Octogynia . . .8 „ 


XI. 


9. Enneagynia . . .0 ,, 


XII. 


10. Decagynia . . .10 „ 


XIII. 


Ex, — Poke- weed (phytolacca). 




11. Dodecagynia . , . 11 to 19 




Ex, — Houseleek. 




12. Polygynia . . . 20 or more. 



\^ JSc— Strawberry, crowfoot, rose, cinquefoil. 

In Classes XIV. and XV. the Orders are deter- 
mined by the fruit. 

CUsa / Order 1. Gymnospermia • . Fruit, Achenes. 
„,y 1 ^.—Dead-nettle, mint, labiate plants. 

i 2. Angiospermia . . Fruit, Capsular. 

V Ex, — Foxglove, frogsmouth, figwort. 
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Class f Order 1. Siliculosa . . . Fruit, a Silicula. 

I Hx. — Scurvy-grass, shepherd's-purse, 

XV. \ draba. 

I 2. Siliquosa . . . Fruit, a Siliqua. 
Ex. — Wallflower, stock, mustard. 

In Classes XVI. XVIL and XVIII., the Orders are 
determined by the number of stamens, as in some of 
the Classes. 



Class 



XVI. 



XVII. 



XVIIL 



Order Pentandria . . .5 stamens. 
Ex, — Passion-flower, erodium. 

. . 8 „ 



10 



Numerous stamens. 



6 stamens. 



10 



Numerous stamens. 



Octandria 
Ex. — Milkwort. 
Decandria . 
Ex. — Geranium. 
Polyandria • 
Ex. — Mallow. 
Order Hexahdria . 
Ex. — Fumitory. 
Decandria 
Ex. — Broom, pea. 
Order Polyandria . 

Ec. — St. John's wort. 
Order 1. Polygamia sequalis, florets all ^ . 
Ex. — Dandelion, chicory. 

2. Polygamia superflua, florets of the disk ^ ; 
those of the ray 9 , but fertile. 

Ex. — Daisy, aster. 

3. Polygamia frustranea, florets of the disk ^ ; 
those of the ray abortive. 

Ex. — Com blue-bottle. 

4. Polygamia necessaria, florets of the disk (, ; 
those of the ray 9 , and fertile. 

Ex. — Marigold. None British. 
6. Polygamia segregate, each floret having a 
separate involucre. 
Ex. — Globe-thistle. None British. 

* For an explanation of the symbols in the 19th and 23d 
Classes, see p. 148. 
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In Class XX. the Orders are founded on the 
number of the stamens. 



ClaM 
XX. 



'Order Monandria .... 1 stamen. 
Ex. — Orchis, habenaria. 

Diandria 2 stamens. 

£x, — Stylewort, lady's-slipper. 
Hexandria . . . . 6 
Ex, — Birthwort. 



In Classes XXI. and XXII. the Orders are founded 
on the number as well as on the union of the stamens. 



Class 



1 stamen. 



XXI. -i 



2 stamens. 



XXII. 



( Order Monandria . 

Ex. — Euphorbia. 
Diandria . 

Ex. — Duckweed. 
Triandria . . . 8 

Ex. — Carex, maize, tjrpha. 
Tetrandia . . .4 

Ex. — Birch, alder, box. 
Hexandria . . .6 

Ex. — Coco-nut and some other palms. 
Octandria . . .8 stamens. 

Ex. — Hazel. 
Polyandria . . . Numerous stamens. 

Ex. — Oak, chestnut 
Monadelphia . Stamens monadelphous 

Ex. — Fir, spruce, larch. 
Polyadelphia . Stamens polyadelphous. 
Ex, — Castor-oil plant. 

Order Diandria . . .2 stamens. 

^a;.— Willow. 
Triandria . . . 8 ,, 

Ex. — Date-palm. 
Tetrandria . . .4 

Ex. — Nettle, gale, mistleto. 
Hexandria . . .6 „ 

Ex, — Black bryony, smilax. 
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XXII. 



XXIII. 



Class r Order Octandria . . 8 stamens. 

Ex. — Poplar. 
Enneandria . . 9 „ 

JEx. — Mercmialis. 
Polyandria . . Numerous stamens. 

Ex, — Poterium, cycas. 
Monadelphia . Stamens monadelphous. 
Ex, — ^Yew, nutmeg. 

In Class XXIII. the Orders are founded on the 
fact of the perfect, staminate, and pistillate flowers 
being all on one plant or on more than one. 

f Order Monoecia, ? , 6 , and 9 , on the same plant 
Ex, — Sea-purslane, mimosa. 
Dioecia, $ , 6 » 9 1 on two plants. 

jEb.— Fig. 
Trioecia $ , 9 , on three plants. 
jEc — Orache. 

In Class XXIY. the Orders are the same as in the 
natural system. 

f Order 1. FiUces, ferns. 
2. Musci, mosses. 
8. Hepatic®, liverworta 

4. Lichenes, lichens. 

5. Algse, seaweeds. 

6. Fungi, mushrooms. 

The system of Linnaeus, even when regarded simply 
as an index to the vegetable kingdom, is by no means 
complete. The parts of flowers often vary in number, 
and cannot be confined within the strict rules required 
by this method of arrangement ; moreover, unless the 
stamens and pistils are perfect and complete, and the 
plant is in full flower, it is impossible to determine its 
class and order. When the system is rigidly adhered 
to, we find that species belonging to the same genus 
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«e sepwited Thua, most of the species of the genus 
Ljchnis hare ten stamens and five styles in each flower, 
hot there is at least one British species dioedoos. In 
order, therefore^ to keep the genus entire, and not 
^epmie the species, Linnaeus adopted the pkn of 
putting Ljchnis in the cb»s Decandria and order Pen- 
tagynia, and under the ckss Dicecia, order Decandria, 
placii^ the name of the dioecious species, and referring 
the student to the tenth class for a description. In 
this way the genera — ^which are founded on natural 
afiinities, and are not constructed by a mere arbitrary 
method — loe preserved in their integrity. All the 
species of one genus are placed together, whether they 
accord or not with the characters of the class and 
order ; the place of the genus being determined by the 
characters of the majority of the species. The names 
of the anomalous species are given in italics, in the 
classes and orders to which they belong according to 
the Linnffian method, and reference is made to the 
description of them as given under the genus. 

QUESTIONS. 

1 . What is meant by an artificial Rystem of classification ? 

2. What Ib meant by a natural system of classification ? 

3. Compare these two systems. 

4. On what characters are the Linnsean classes founded ? 
6. On what characters are the Linnsaan orders founded ? 

6. Enumerate the classes in the Linneean system* 

7. Give the characters of the first 11 classes. 

8. Give the characters of the 12th and 13th classes. 

9. Give the characters of the 14th and 15th classes. 
10. Give the characters of the 16th, 17th, and 18th 

classes. 
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11. Give the character of the 19 th class. 

12. Give the character of the 20th class. 

13. Give the characters of the 2l8t, 2 2d, and 23d 
classes. 

1 4. Give the character of the 24th class. 

15. In which of these classes may we expect to find 
plants with four stamens ? 

16. In which of them may we expect to find plants 
with six stamens ? 

1 7. Give examples of the Linnsean orders as found in 
the first 13 classes. 

18. Describe the orders in the 14th class. 

19. Describe the orders in the 15th class. 

20. Describe the orders in the 16th, 17th, and 18th 
classes. 

21. Describe the orders in the 19th class. 

22. Describe the orders in the 20th class. 

23. Describe the orders in the 21st and 2 2d classes. 

24. Describe the orders in the 23d class. 

25. Enumerate the orders in the 24th class. 

II. — Natural System op Classipication. 

In arranging plants according to the Natural System, 
the object is to bring together those which are allied 
in all essential points of structure. It is called natural, 
because it professes to follow the system of Nature, and 
thus takes into account the true afiinities of plants on 
a comparison of all their organs. One of the first 
natural methods of classification was that proposed by 
Eay about 1682. He separated flowering from flower- 
less plants, and divided the former into Dicotyledons 
and Monocotyledons. His orders were founded on 
correct views of the affinities of plants, and he far out- 
stripped his contemporaries in his enlightened views of 
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arrangement He may be said to have laid the founda- 
tion of that system which has been elucidated by the 
labours of Jussieu, De Candolle, Brown, lindloy, £nd- 
licher, and others. 

In arranging plants according to a natural method, 
we require to have a thorough knowledge of structural 
and morphological botany, and hence we find that the 
advances made in these departments have materially 
aided the efforts of systematic botanists. We may re- 
gard plants in various points of view, either with refer- 
ence to their elementary tissues, their nutritive or their 
reproductive organs. The first two are the most im- 
portant, as being essential for the life of individuals, 
while the latter are concerned in the propagation of 
the species. These sets of organs bear a certain rela- 
tion to each other, and we find that plants may be as- 
sociated by a correspondence in all of them. In com- 
paring the characters of plants, we must take care that we 
contrast organs belonging to the same class of functions, 
and the value of the characters must depend upon the 
importance of the functions performed by the organs. 

Cellular tissue is reckoned of the highest value, as 
being of universal occurrence, and as carrying on, in 
many instances, all the functions of plants. In con- 
sidering the elementary tissues alone, we divide all 
plants into Cellular and Vascular — the former including 
the lower tribes of flowerless plants, such as lichens, sea- 
weeds, and mushrooms ; the latter including the higher 
flowerless plants with scalariform vessels, and all the 
flowering plants. In the nutritive and reproductive 
organs there is nothing which can be considered of the 
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same value as cellular tissue. In the nutritive organs the 
emhiyo occupies the highest place, and by examining it 
we divide plants into Acotyledonous, having no cotyle- 
dons, but occasionally producing a cellular expansion 
(prothallus) ; Monocotyledonous, with one cotyledon ; and 
Dicotyledonous, with two cotyledons. Proceeding to the 
secondary organs in the nutritive class, we find the stem 
is Cellular or Thallogenous, Acrogenous, Endogenous, and 
Exogenous. The thallus is veinless, the fronds of Acro- 
gens have often a forked venation, the leaves of Endo- 
gens are parallel- veined, and those of Exogens reticulated. 
In the reproductive system the stamens and pistils oc- 
cupy the highest place, as being the essential organs of 
flowering plants (Fhanerogamia), while peculiar cells 
(antheridia and archegonia) have the same value in 
flowerless plants (Cryptogamia). Succeeding these 
organs in value comes the fruit, which is either a theca 
with spores, or a pericarp with seed. The floral enve- 
lopes are the next in the series ; they are absent injCryp- 
togamous plants, and present in Phanerogamous ; their 
arrangement is ternary in Monocotyledons, quinary and 
binary or quaternary in Dicotyledons. 

We thus find that, by comparing these different 
organs in plants, we arrive at certain great natural divi- 
sions, including plants which are associated by affinity 
of structure and function, as exhibited in the following 
Table:— 
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OeBiikr Pints 
witko«ftY«nte 
orBtonate. 


Taanilar Flsats j 

with Scslaiifonn Yucalar PlsnU with Syiral TcaBrls 
VcsmU and ; umI Stonuta. 
Stomsta. I 


AfloljladoiioiiB 1 

TliaDogoiow. 
NoYenation. 

GryptoguiKni& 
PBcoliar re- 
prodnctiTe 

TabM (thecK) ) 
with Spores, f. 
or naked & 
Spores. ) 

Flowerless. 


Acotyledonona, ) 
with Prothal4 
las. ) 

Acrogenous. 

Forked Venatioii. 

CiTptogaiiioiu. \ 
Peculiar re- f 
productiye i 
cdls. ) 

Tubes with \ 
Spores. j 

Flowerless. | 


Monocotyle- J DirtjtvleJononR. 
donous. \ ^»«>^> 

Endogenous. Exogenous. 
PuraUel Vena- ReUculated Ve- 
tion. nation. 


Stamens and Pistils (Phaneroga- 
mous). 

Seeds in Seeil-^-essel or Naked 
(Angiospermous or Qymno8|)er- 
mous). 


Fiona Enveloi^.; fn Bin'-T- 



It is impossible to represent the aiTiaities of plants 
in a linear series. Different groups touch each other 
at several different points, and must be considered as 
alliances connected with certain great centres. Wo 
find also that it is by no means easy to fix the limits of 
groups. There are constantly aberrant orders, genera, 
and species, which form links between the groups, and 
occupy a sort of intermediate position. In this, as in 
all departments of natural science, there are no sudden 
and abrupt changes, but a gradual transition from one 
series to another. Hence exact and rigid definitions 
cannot be carried out. In eveiy natural system there 
must be a certain latitude given to the characters of the 
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groups, and allowance must be made for constant ano- 
malies, in so far as man's definitions are concerned. 

Having examined the general principles upon which 
the natural system is founded, we shall now give a 
sketch of the natural system of De Candolle, which is 
that usually adopted at the present day : — 

Class I.— DICOTYLEDONES, EXOGENiE, in which spiral 
vessels are present; the stem is exogenous; 
stomata are present, the venation of the leaves 
is reticulated; the flowers have stamens and 
pistils, and the symmetry is quinary and binary 
(or quaternary) ; the ovules are either in an ovary 
or naked ; and the embryo is dicotyledonous. 
In this class there are included four Sub-classes : 
Siilhclass I. — THALAMiFLOEiE. — Flowcrs usually 
with two envelopes (calyx and corolla) (p. 
114), petals separate (not coherent), inserted 
on the end of peduncle (thalamus), and stamens 
hypogynous. Figs. 278, 279 ; also fig. 177, 
p. 132. 

Examples. — Crowfoots, water-lilies, poppies, 
crucifers, violets, chickweeds, mallows, 
geraniums, and wood-sorrels. 




Pig. 278. Fig. 279. 



Fig. 278. — Diagram to illustrate Thalamifloral Dicotyledons. 
Sepals s, x>etals p, and stamens st, all free (not coherent), and 
inserted into the receptacle r, below the ovary (hypogynous). 

Fig. 279. — Flower of a Ranunculus, illustrating Thalamifloral 
Dicotyledons, The petals are separately inserted on the thalamus, 
and the stamens are hypogynous. 
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SuMast II. — Caltciflosje. — Flowers UMudly 
(iichlamydeoiLs yetals either wparmte or nnite^U 
sUmens either perigynoos or epigjmoas. Figs. 
280, 2S1 ; also fig*. 17S, 179, p. 183. ThU 
sub-clan has two nx'tions — 




Tin. 280. Pig. 281. 



1. [/VyyWa/<r, in which the iH*taU an* 
separnte. Fig. 282. 
Ejcamples. — Pea*- family, n»Me • family, 
willow-herlw, saxifrages, uiuliolliforous 
plants. 




Fig. 282. Fig. 283. 



Fig. 280. — Diagram to illustrato Ciilycitlornl Dicotyledoiis with 
perigynous stamens. Petals and stamens a, inserted on the 
calyx Cf surrounding the ovary. 

Fig. 281. — Diagram to illustrate Calycilloral Dicotyledons with 
Epigynous stamens. Petals p, and stamens a, united to the calyx 
c, and all adherent to the ovary o, so as to be above it ; r, receptacle. 

Fig. 282. — Flower of (^lierry, one of the Kosaceic, showing a 
Calycilioral Dicotyledon,' with a polypetalous corolla. 

Fig. 288.— Flower of Campanula, showhig a Calycilloral Dico- 
tyledon, with a gamopetalous corolla. 
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2. OomopeUUm {Afonopettilce), in which the 
petals are united (coherent). Fig. 288. 
Examples. — Madderworts, teazels, valeri- 
ans, composite plants, harebells. 
Sub'Clcus III. — CoBOLLiFLORiB. — Flowcrs di- 
chlamydeous, petals united (coherent), corolla 
hypogynous, usually bearing the stamens. 
Fig. 284. 

Examples. — Heaths, borage-family, potato- 
family, figworts, labiate plants, primroses. 



Sub-doss IV.— MoNOCHLAMYDEiB (no corolla), 
(p. 114), flowers either with a calyx only or 
none. Figs. 286, 286. In this sub-class there 
are two sections — 
1. Angiospermce, in which the ovules are 
contained in a pericarp, and are fertilized 
by the action of the pollen on the stigma. 
Examples. — Dock-family, laurels, spurge- 
laurels, catkin-bearing trees. 



Fig. 284. — Flower of Primrose, showing a Corollifloral Dicotyle- 
don, with the stamens united to the corolla, which is hypogynous. 

Fig. 285. — ^Flower of Ooosefoot (Chenopodium), showing a Mono- 
chlamydeous or Apetalous Dicotyledon. 




Fig. 284. 



Fig. 285. 



Q9 cukflsmcAiios:. 



2SS 



2. Ofwmmparwm^ in vkkli the armies arr 
Mt fwnlamwl in a trne poimxi, and ai« 
fertfliaod bj the direct actkn of the poDeii 
vitlKNit tine interrciitiim of a stigma, and 
the embfjo hat numerous cotyledons. 
Fig. 287. 

Example*. — Cone - bearing trees and 
ejcada. 



Fig. 280. 




F!«.287. 



Class II.— MONOCOTYLEDONES, ENDOGEN^ in which 
spiral vessels are present ; the stem is endogen- 
ous ; stomata occur ; the venation is usually 
parallel, sometimes slightly reticulated ; the 
flowers have stamens and pistils, and the sym- 
metry is ternary ; the ovules are contained in 
an ovary ; the embryo is monocotyledonous. 
Under this class are included two sub-classes : 
Sub-class I. — Petaloidejb, in which the leaves 
are parallel-veined ; the flowers usually con- 
Fig. 286.— AchlamydeouB stamlnate flower of Spurge (Euphorbia), 
Peduncle p, supporting the solitary stamen, constituting a staniinate 
flower, b. Bract. 

Fig. 287. — Scale of a mature cone of Scotch Fir, with two 
winged seeds at the base, the opening m, and the chalaza eh. 
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sist either of a coloured perianth or of whorled 
scales. This sub-class is divided into sections : 
1. Eptgyna, in which the perianth is ad- 
herent, the ovary is inferior, and each 
flower has usually stamens and pistil. 
Fig. 288. 

Examples, — Orchids, bananas, iris. 



amaryllis, snow-drop, and snow-flake. 




Fig. 288. Fig. 289. 

2. Hypogynos, in which the perianth is 
free, the ovary is superior, and each 
flower has usually stamens and pistil. 
Fig. 289. 

Fig. 288. — Monocotyledon, snow-flake {Leucqjvm), with the 
ovary inferior, and the floral envelopes and stamens above the 
ovary (epigynoua). 

Fig. 289. — Flower of a Monocotyledon, the white lily {LUium 
cUbum) — ^ortkL envelopes below the ovary (hypogynous). 



OF CLASSinOATION. 



225 



Examples.— Lily, meadow-saffron, rusheg, 
and palms. 

8. Ineompletce, flowers incomplete, often 
staminato and pistillate (pp. 114, 115), 
with no proper perianth, or with a few 
verticilkte scales. Fig. 290. 
Examples. —Arums and screw-pines. 




Pig. 200. Fig. 291. 



Stib-class II. — Glumifeh-s, flowers glumaceous, 
consisting of imbricated bracts, venation 
parallel. Fig. 291. 
Examples. — Sedges and grasses. 

Fig. 290. — One of the incomplete Monocotyledons. A species 
of Amm, in which the staminate and pistillate flowers are sepa- 
rate, and are each surrounded by minute scales ; a, pistillate 
flowers ; b, staminate flowers ; c, abortive flowers ; end of spa<lix. 

Fig. 291. — Glumiferous Monocotyledon, Wheat (Triticvm), con- 
sisting of numerous flowers fonned by imbricated bracts. (For 
descrii)tion of the woodcut see p. 186.) 

Q 
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Class III.— ACOTYLEDONES, in whicli the plants are 
either entirely cellular, or consist partly of sca- 
lariform vessels ; the stem, when woody, is acro- 
genous ; stomata occur in the higher orders ; 
the leaves are either veinless or have a forked 
venation ; no flowers are present ; the repro- 
ductive organs consist of antheridia and arche- 
gonia ; spores or cellular embryos are produced, 
which have no cotyle(ions. Under this class 
there are two divisions : — 




Pig. 292. 



Sub'cldss I, — AcBOGENiE, with a distinct stem, 
bearing leaves and branches. Fig. 292. 
Examples. — Ferns, club-mosses, horse-tails, 
and mosses. 

Sub-class II. — THALLOGENiE, having no distinct 
stem or leaves, but forming a cellular ex- 
pansion of various kinds, which bears the 
organs of reproduction. Fig. 262, p. 183. 
Examples. — Lichens, sea- weeds, and ftingi. 

Fig. 292. — An Acrogen or Acotyledon, Royal Fern {Osmimda 
regalis), with an axis and leaves. The upper part of the frond, 
/, bears the fructification, «, in the fom of sporangia and spores. 
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QUESTIONS. 

1. What is meant by the natural system of classifica- 
tion ? Explain its principles. 

2. Qive a natural division of plants founded on their 
tissues. 

3. Qive a natural division of plants founded on the 
embryo. 

4. Give a natural division of plants foimded on the 
stem. 

5. Give a natural division of plants founded on the 
venation of their leaves. 

6. Give a natural division of plants founded on their 
organs of reproduction. 

7. Divide flowering plants according to the number of 
parts in each floral series. 

8. Mention the three great classes of the natural 
system. 

9. Give the characters of each of these classes, 

10. Give an example of each of these classes. 

11. What are the sub-classes of dicotyledonous plants ? 

1 2. Define each of these sub-classes. 

13. What are the sections of calycifloral plants? 
Define them. 

14. Give the sections of monochlamydeous plants. De- 
fine them. 

1 6. Give the sub-classes of monocotyledonous plants. 

16. Define these sub-classes. 

17. What are the sections of the petaloid mono- 
cotyledons ? Give their characters. 

18. What are the sub-classes of acotyledonous plants ? 

19. Give the characters of these sub-classes. 

When farther advanced the pupil should be asked to 
give examples of the orders in each of the clasHcs and 
sub-classes. 
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CHARACTERS OF THE CLASSES, SUB-CLASSES, AND OF SOME 
OF THE ORDERS OF THE NATURAL SYSTEM. 

In this cliapter it is proposed to give the characters of 
the classes and sub-classes of the vegetable kingdom 
according to the natural system, and to illustrate them 
by a few of the more important orders represented in 
the British flora. By this means the pupil will learn 
the method which must bo followed in referring plants 
to their places. The linnaean system may be used as 
an index or key to the natural method. This plan is 
adopted in Babington's Manual of British Plants, and 
in Hooker and Amott's British Flora. These books, 
as well as Hooker's Studenti's Flora and Bentham's 
Handbook, may be used in determining the names of 
the indigenous plants of Britain. In the present work 
we shall only explain the principles of classification, 
and give examples of the method to be pursued in 
ascertaining the names of genera and species. Those 
who desire to enter into the subject more fully are 
referred to Balfour's Manual of Botany, 

DIVISIOW A.— Phanerogamous (Flowering) Plants. 

CLASS I.— DICOTYLEDONES OR EXOGENiE. 
This is the largest Class in the vegetable kingdom. 
The plants included in it have a cellular and vascular 
system, the latter consisting partly of elastic spiral ves- 
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sels (fig. 11, p. 5). The stem is more or less conical, 
and exhibits wood and true bark. The wood is exo- 
genous — i.e, increases by additions at the periphery, 
the oldest and hardest part being internal (p. 27) ; it 
is arranged in concentric circles. Pith exists in the 
centre, and from it diverge medullary rays (fig. 46, p. 
27). The bark is separable, and increases by additions 
on the inner surfiEice. The epidermis is furnished with 
stomata (fig. 77, p. 52). The leaves are reticulated (fig. 
70, p. 48), and usually articulated to the stem. The 
flowers are formed upon a binary or quinary type, and 
have stamens and pistils (pp. 109, 111). The ovules 
are either enclosed in an ovary (fig. 199, p. 144), and 
fertilized by the application of the pollen to the stigma, 
or they are naked (fig. 287), and fertilized by the direct 
action of the pollen. The embryo has two or more 
opposite cotyledons (fig. 20, p. 13). 

SUB-OLABS 1. — THALAMlFLORiB. 

Polypetalous Hypogynous Dicotyledons, 

Calyx and corolla present ; petals distinct, inserted 
into the receptacle (thalamus) ; stamens hypogynous (p. 
132). The name Thalamifloraj is derived from the 
circumstance that the different whorls of the flower 
(calyx, corolla, stamens, and pistil) arc inserted sepa- 
rately on the part called the thalamus, which is situated 
at the upper end of the flowerstalk (fig. 177, p. 132). 

Various methods may be followed in the arrange- 
ment of the orders under the sub- classes. We commence 
with the Eanunculus order, because in it all the 
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parts of the flower — sepals, petals, stamens, and carpels 
—are distinct and separate. It would be impossible, in 
the narrow limits of an elementary work, to give de- 
scriptions of all the orders of plants. We shall take 
some of the common British plants, and by means of 
them point out the characters of a few of the more 
important natural orders under which they have been 
placed. 



Order Eanunculace^, the Crowfoot Family (fig. 294). 




Fig. 294. Fig. 295. Fig. 296. 



Sepals 3-6, frequently 5, deciduous (fig. 293 c). Petals 
5-15 (fig. 293 ^e), rarely abortive, sometimes anomalous 
in form (figs. 169, 170, p. 123), occasionally with scales 
at the base. Stamens usually indefinite, hypogynous 
(fig. 293 e) ; anthers firmly adhering to their 

Fig. 293 to 299 exhibit the organs of reproduction of Eanuri' 
cultts acris, to illustrate the naturtd order Ranunculacese. 

Pig. 293. — Flower cut vertically, c, Calyx, pe^ Petals, e, 
Stamens, pi^ Pistil composed of several carpels on an elongated 
receptacle or axis. 

Fig. 294. — ^Diagram of the flower, showing five imbricated sepals, 
five petals alternating with the sepals, indefinite stamens in several 
whorls, and numerous cai'pels or achenes in the centre. 

Fig. 295. — Adnate anther seen on the outer side. The anther 
is in thh instance extrorse. In the paeony it is introrse. 
Fig, 296. — ^Adnate anther viewed on the inside. 



2J1 



Kalk <fii^ £K maiiar.iXBi. otmbunsI 

nuKT €dijK. Fnas Tn^vE, ^biiier ve^KSks \iz^ 2^) or 

withhsnd iShmaxBs^ «wn <?r pcniuw; csbtjonall 
(fig. 298 «^ K«sin0(QCQ£, larclj cSir:!;!^ 




Juice watery. The plants of the order are found in 
cold, damp climates, and in the elevated regions of warm 
countries. The order has narcotico-acrid properties, and 
the plants are usually more or less poisonous. The 
acridity is frequently volatile. It varies in different 
parts of the plants, and at different seasons. 

To illustrate the order, take the common buttercup, 
which belongs to the genus Eanunculus, and dissect it 
carefully. There are three species of Eanunculus, called 
in common language buttercups : — (1.) Ranunculus huh 
ho8U8y bulbous crowfoot, having its sepals reflexed, flower- 
Fig. 297.— Vertical section of the ovary o, showing the erect 
ovule g. a, Stigma. 

Fig. 298. — Fruit or achene cut vertically. /, Pericarp. Sper- 
modenu or integument of the invei-ted seed, Perlsperm or al- 
bumen, l)etween fleshy and horny. Minute erabryo. 
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stalks furrowed, and root bulbous ; (2.) Ranunculus re- 
pens, creeping crowfoot, which has a stem with runners, 
its flowerstalks furrowed, its sepals not turned back, and 
its root not bulbous ; (3.) Ranunculus acris, upright 
meadow-crowfoot, which has its flowerstalks rounded 
(not furrowed), its sepals not turned back, and its root 
not bulbous. 




Fig. 299. 



Ife^Take the bulbous crowfoot, as shown in fig. 299. 
First there is seen the bulb, at the base, from 
whence the roots are given off! This bulb must be 
regarded as a short thickened stem. From it the leaves 
proceed upwards and the roots downwards. There is 
a cluster of radical leaves ; each of these is cut into 
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three stalked leaflets, which are again divided into three 
lobes. Then, on the flowerstalks, d a'^, are also seen 
cut leaves with narrower divisions. The peduncle, a', 
ends in a flower, which terminates the first axis ; 
the flower, terminates the second axis, a'' ; and the 
flower,/^, terminates the third axis, o!'\ The peduncle 
below the flower is furrowed. The flower consists of 
calyx, corolla, stamens, and pistiL The five sepals of 
the calyx are turned down (reflexed), the five yellow 
petals have a pore at the base covered by a scale ; the 
stamens are hypogynous, very numerous (twenty 
or more, indefinite), and consist of filaments and 
anthers which open on the side farthest from the 
pistil (extrorse). The pistil consists of numerous green 
carpels (fig. 297), each containing one ovule. These 
carpels, when ripe, form single-seeded seed-vessels 
(achenes), which do not burst, but fall to the ground 
entire. On iliaking a section of the achene, the single 
erect seed is observed (fig. 298), containing a small 
embryo and a quantity of white nourishing matter (al- 
bumen or perisperm). Some species of Eanunculus 
are distinguished by the leaves not being divided. 

The Marsh Marigold (Caltha) is like a Eanunculus, 
but it has no corolla (only a calyx with yellow sepals), 
and the fruit consists of seed-vessels (follicles) which 
contain several seeds, and open on the side next the 
centre of the flower. The mode in which the sepals 
are arranged in the bud is the means of distinguishing 
Clematis from Anemone. In the former the eestivation 
(p. 119) of the calyx is valvate or induplicate, in the 
latter imbricate. In both these genera there is no corolla. 
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In some plants — such as monkshood, larkspur, 
columbine, and hellebore — the sepals or petals, or both, 
are peculiar, and occur in the form of hollow tubes or 
spurs (figs. 169, 170, p. 123). 

The next Thalamifloral orders we shaM take are 
also well represented in Britain. They have the parts 
of the calyx and corolla, as well as the stamens, separate, 
but the carpels united together. 

Order NYMPHiBAOE^, the Water-lily Family. 
Aquatic plants with submersed rhizome, large showy 




Fig. 300. 

flowers, numerous petals and stamens, which are placed 
on a fleshy disk enclosing the ovary (fig. 300). Vic- 
toria regia belongs to the order. It is one of the 
largest aquatic plants. Nymphcea Lotus is supposed 
by some to be the lily of the Old Testament. 

Fig. 300. — Section of a flower of the white Water-lily {Nymphcea 
aXba), showing the pistils, and the receptacle or torus bearing the 
stamens and petals, p. Peduncle or flower-stalk, Elevated 
torus or receptacle, s, Radiating stigmas, a, Sepal. 6, Petal. 
Cy Stamens. 
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Order Papaveracejs, the Poppy Family. This order 
is distinguished by its 2 sepals (fig. 301), which fall off 
very early (caducous), 4 petals (fig. 302), numerous 
stamens (fig. 303), capsular fruit opening in the poppy by 




Fig. 303. 



pores below the united stigmas (fig. 229, p. 168), fruit 
sometimes resembling a siliqua (fig. 302), and thus show- 
ing an alliance with Crucifera3. The plants are in 
general poisonous. Papaver aomniferum has a milky 

Fig. 801. — Two caducous sepals of the Poppy, covering the 
corolla. 

Fig. 802. — Four petals of Celandine, numerous stamens, and a 
pod-like capsule. 

Fig. 803. — Diagram showing 2 sepals, 4 crumpled petals, 
numerous stamens, pistil with parietal placentas, in the Poppy. 
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juice, which, when the capsule is cut, exudes, and con- 
stitutes opium. Some of the plants (as the celandine 
fig. 302) have an orange juice, others, as blood-root, 
have a red juice. In the common poppy the stigmas 
are sessile and radiating; while in the Welsh poppy 
(Meconopsis) the stigma is supported on a style. 

Order Crucifer^, the Wallflower and Cress Family 
(fig. 304). — Sepals 4, deciduous. Petals 4, hypo- 
gynous, alternating with the sepals, deciduous, cru- 
ciate (fig. 313 a, p. 241). Stamens 6, tetradynamous 
(figs. 306, 307), two short solitary (fig. 307 e% 
four longer (fig. 307 e'^ in 2 pairs. Green glands be- 
tween the petals and stamens and ovary (fig. 307 g). 
Ovary superior, with parietal placentas, which meet in 
the middle, forming a spurious dissepiment (replum) 
(fig. 308 c); stigmas 2 (306 s). Fruit a siliqua (figs. 
309, 310), or a silicula (fig. 223, p. 157), opening by 
two valves, which separate from the replum. Seeds at- 
tached in a single row by a short stalk to each side of 
the placentas (fig. 205, p. 146); no albumen; embryo with 
the radicle folded upon the cotyledons (fig. 231, p. 163). 
— Herbaceous plants, with alternate leaves, and yellow 
or white, rarely purple, flowers, without bracts. This 
order is well distinguished by its tetradynamous 
stamens and its fruit. Most of the plants belonging to 
this order are European. 

The order has been subdivided into sections, ac- 
cording to the mode in which the radicle of the 
embryo is folded on the cotyledons, as well as accord- 
ing to the nature of the fruit. The distinctive char- 
actera taken from the embijo m minute, but they can 



ORDER CRUCIFERiE. 



237 



be seen in the ripe seed on removing the outer covering. 




Fig. 804. 



Fig. 806. 



Fig. 804. — Inflorescence of a cruciferous plant, a kind of mus- 
tard (Sinapia orientalia). In the young state the flowers are 
corymbose, while in the advanced state they become racemose. The 
fruit-pods (siliquce) are supported on nearly equal pedicels, while 
the lowest flowers, in their partially-expanded state, have the 
longest pedicels, and thus form a corymb. The plant shows the 
transition from a corymb to a raceme. 

Figs. 805-812. — Organs of fructification of Erysimum lanceola- 
tum^ one of the Cruciferae. 

Fig. 805. — Diagram of the flower, showing the arrangement of 
four sepals, four petals alternating with them, six tetradynamous 
stamens, and a siliqua with replum. 

Fig. 806. — Vertical section of the flower, c. Calyx. ^, Petals. 
e. Stamens, o. Ovary laid open, a, Stigma. 
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As the embryo occupies the whole of the interior of the 
seed, it appears at once when the coat of the seed is taken 
off. Thus, take the entire ripe seed of mustard as sold 
in the shops, and after soaking it in warm water, re- 



move the outer covering, and the little embryo will fall 
out. By the naked eye, or by means of a lens, the 
cotyledons may be seen folded on the small root (radicle). 
The radicle in other cases lies on the edge of the coty- 
ledons, which are not folded (fig. 311), while at times 
it lies on the back of the cotyledons (fig. 312). 

Fig. 307. — Flower deprived of its envelopes, c c, Scars left by 
the fall of the sepals, g. Glands which are situated at the base of 
the stamens. 4, Two short stamens, e", Four long stamens in two 
pairs. Pf Pistil. 

Fig. 808. — Horizontal section of the ovary.' g, Ovules, c, 
Spurious dissepiment (replum) which divides the ovary into two 
cavities. This replum is formed by the placentas. 

Fig. 309. — Siliqua or long pod. The valves separate from 
below upwards. 

Fig. 310. — Siliqua with one of its valves removed, in order to 
show the seeds attached to the sides of the replum. 

Fig. 311. — Vertical section of the seed. /, Small stalk, t, 
Covering of seed swollen at the nourishing point, e. r, Radicle. 
Cj Cotyledons. 

Fig. 312. — Horizontal section of the seed, t, Covering of seed. 
r, Badicle. c, Cotyledons with radicle on their back. 
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As regards the fruit, there axe marked differences 
in cruciferous plants. The pod may be long and nar- 
row (a siliqua), with two valves opening lengthwise, 
when the fruit is ripe, as in wallflower (fig. 205, p. 146) ; 
or it may be short (a silicula), with the partition in its 
broadest diameter, with flat or convex valves, as in 
whitlow-grass (fig. 223, p. 167) ; or it may be a short 
pod, with the partition in its narrow diameter, on ac- 
count of the valves being each folded, as in shepherd's 
purse ; or it may be a pod divided by transverse par- 
titions, each division containing one seed, as in the 
radish; and at times the pod is short and contains 
only one seed, as in woad. In books describing British 
plants you will find CruciferoB systematically arranged 
according to these characters. 

There are no poisonous plants in the order. Many 
of the most common culinary vegetables belong to 
it, such as cabbage, cauliflower, turnip, radish, cress, 
horse-radish, etc. They contain much sulphur and 
nitrogen, and, on this account, when decaying, give off a 
disagreeable odour. Kerguelen Land cabbage {Pringlea 
aniiscorhutica) belongs to the order. Many garden 
flowers, such as wallflower, stock, rocket, and honesty, 
are found in this order. 

Many common weeds serve as illustrations. Let us 
take the common wallflower (Cheiranthm Cheiri), It 
is a somewhat shrubby plant, growing often on rocks 
and walls, llie leaves are narrow and tapering to each 
end (lanceolate), not divided, and covered with closely- 
appressed hairs, which, when examined by the lens, are 
found to be forked (fig. 81, p. 54). The flowers are on 



240 THALAMIFLORAL DICOTYLEDONS. 



sialics, and their inflorescence is a raceme (p. 103), or a 
corymb (p. 104). The sepals are 4, erect, and 2 of them 
are enlarged at the base. The petals are usually yellow, 
4, arranged crosswise, with the lower part (claw) narrow. 
There are 4 long and 2 short stamens, which are hypo- 
gynous. The fruit is a siliqua (fig. 205, p. 146), with 
a short style surmounted by a stigma, which has 2 
spreading lobes. The radicle of the embryo lies at the 
edges of the 2 cotyledons, marked thus o = , where O is 
the radicle, and = the cotyledons. 

The common stock (Matthiola) differs from the wall- 
flower chiefly in having the lobes of the stigma not 
spreading, and either thickened at the back, or with a 
horn at the base. 

The common mustard of the fields {Sinapis arvenm) 
is another cruciferous plant, with a siliqua which can be 
easily examined ; so also white mustard {Sinapis alba), 
as seen in fig. 313. The cruciform flower a, the long 
hairy pod or siliqua with its sword-like beak b, and the 
seed c, are delineated. There is also a figure of Sinapis 
orientalis (fig. 304). 

To illustrate the division with short pods and a 
broad replum, take the common scurvy-grass of the sea- 
shore (Cochlearia officinalis). In this plant the radical 
leaves are somewhat kidney-shaped and stalked, while 
those of the stem are oblong and have no stalks. The 
flowers are white. The pod is oval or globular ; its 
valves very convex, with a prominent rib in the middle ; 
the seeds are numerous. The plant called honesty in 
gardens shows this division well. In the shepherd's- 
pnrse (Odpsella Bursa-pastoris) you have an example of 
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the division in which the plants have short pods and a 
narrow replum. The radical leaves — i.e, the leaves 
at the base — are often pinnatifid (p. 64), the upper 




Pig. 813. 

ones embracing the stem ; the leaves are very varied in 
their form. Tlie flowers are small and white. The 
fruit is a triangular silicula, with a heart-like division 
at its apex (obcordate). Tlie valves are boat-shaped, 

Fig. 313.— White mustard plant (Sinapis alba), with cruciform 
calyx and corolla a, hairy siliquaw ft, and seed c. 

R 
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and not winged as in penny-cress (Thlaspi). The seeds 
are many and attached to the narrow replum. The 
jointed charlock or wild radish of the corn-fields 
(Raphanua Raphanistrurri) shows a peculiar jointed or 
beaded siliqua, each of the joints containing one seed. 

We next take a family in which there are marked ir- 
regularities in the flower, and a cohesion of the stamens, . 
which at once separate it from those already illustrated. 

Order ViOLACKffl, the Violet Family. Sepals 5, 
persistent, usually elongated at the base. Petals 5, un- 
equal, lower one spurred (fig. 316). Stamens 5 ; anthers 
2-celled, cohering, with a prolongation at the top and 
two projecting processes below (fig. 316). Ovary uni- 
locular ; style single, slightly curved, with an oblique 
hooded stigma (fig. 316, s). Fruit a 3-valved capsule, 
opening by three valves, placentas on the middle of 
the valves (fig. 317). Seeds numerous; embryo 
straight in the axis of fleshy albumen (fig. 318). — Herbs 
or shrubs, with alternate, rarely opposite, leaves, having 
persistent stipules (fig. 116, p. 69). They are natives 
of Europe, Asia, and America. 

To illustrate this order, take the common wild pansy 
( Viola tricolor f fig. 314). This species is the origin of all 
the cultivated varieties of pansy. The stem is angled and 
branched, and bears oblong crenate (p. 65) leaves ; the 
stipules are pinnatifid, with a large lobe at the end 
(fig. 1 16, p. 69) ; the sepals are 6, and they are prolonged 
at the base so as to project downwards; the corolla 
consists of 5 petals of diff'erent sizes, the lower one 
having a hollow spur ; the stamens are 6, united by 
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their anthers, and two of the lobes send long pro- 
cesses into the hollow spur of the corolla. The upper 




Fig. 310. Fig. 317. Fig. 318. 



petals are purple, the lateral bluish, and the lower one 
yellow, hence the name tricolor (three-coloured). There 

Fig8. 814 to 318 iUustrate the natural order Violaceee. 

Fig. 814. — Diagram of the flower of the Paiwy, having five 
sepals, five petals, five stamens with appendages, a three-valved 
fruit with parietal placentas. 

Fig. 315. — Section of the flower of a Violet, showing the spurred 
petal, with a stamiual appendage within it, and the ovary with 
numerous ovules. 

Fig. 816. — Five stamens of a Violet united by their anthers, 
two of them with long filiform appendages, a ; obliquely hooded 
stigma in the centre, «. 

Fig. 817. — Fruit of the Pansy opening In a loculicidal manner by 
three valves. Seeds numerous in the middle of the valves. 

Fig. 818. — Anatropal seed of the Pansy cut vertically, showing 
the straight embryo, 'pl^ with the cotyledons, coU in the midst of 
albumen, al. The hilum is marked ^, the chalaza cA, and the raphe r. 
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are several other species of British violet, such as the 
dog-violet, the wood- violet, the hairy violet, the marsh 
violet, and the sweet violet. They are distinguished by 
their leaves, stipules, peduncles, and antherine spurs. 

The next thalamifloral family to which we call 
attention, is one which contains many common weeds 
found in the garden, the fields and woods, as well as 
by river-banks and road-sides. 

Order CARY0PHYLLACB-ffi,1bhe Carnation and Chick- 
weed Family. — Sepals 4-5 (fig. 319), separate, or 
united in a tube (figs. 320 c, 329 c), persistent — i,e, re- 
maining after the flower withers. Petals 4-6 (fig. 329^), 
with a claw often bifid or bipartite. Stamens (fig. 320 e) 
usually double the number of the petals. Ovary single, 
often stalked (fig. 320 g\ composed of 2 to 6 carpels 
(fig. 321), which are usually united by their edges ; 
stigmas 2-6 (fig. 320 s). Capsule unilocular (figs. 327, 
322, 2) 2-5-valved, opening either by valves, or more 
commonly by twice as many teeth as stigmas (figs. 
322, 324, 326) ; placenta in the axis of the fruit (fig. 
322, 2, p). Seeds numerous, with mealy albumen, and 
the embryo surrounding it (fig. 323). — Herbs, with op- 
posite, entire, exstipulate leaves, and definite inflorescence 
(figs. 325, 326 j and 146, p. 106). They inhabit chiefly 
temperate and cold regions. The order has been 
divided into two sub-orders — viz. 1. AleinecBy sepals dis- 
tinct (fig. 325) ; 2. Silenece, sepals cohering (fig. 329). 

The plants of the order are usually insipid. The 
greater part of them are weeds, but some are showy 
garden flowers. To the latter belong the varieties of 
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carnation or clove-pink, picotees, bizarres and flakes, 
and numerous species of pink and campion. 

The order CaryophyllaceeR may be illustrated by 




Pig. 320. Fig. 321. 



many common British plants. In the sub-order Al- 
sinesB we meet with the common narrow-leaved mouse- 
ear chickweed {Cerastium triviale). The stem is 

Figs. 819 to 824. Illustratioiw of the natural order Caryo- 
phyllacese. 

Fig. 319. — Diagram of the flower of Stellaria media, common 
Chickweed, belonging to the natural order Caryophyllaceas, Hub- 
order AhjineaB. The flower consists of five imbricate sepals, five 
alternate petals, Ave stamens, a unilocular ovary, with a free central 
placenta, and numerous ovules. 

Fig. 820. — Section of the flower of Dianthus Ca/ryophyllus, Car- 
nation, belonging to sub-order Sileneoe. c, Gamosepalous calyx ; 

petals, cohering with the stamens at the base ; e, stamens ; 
gr, gynophore or thecaphore— t.c. the stalk supporting the ovary ; 
0, ovary with central placenta and ovules ; «, two stigmas, which 
have papillftj all along their inner surface. 

Fig. 321. — Horizontal section of the ovary in a very young 
state, showing the partitions c c, which divide the ovary into two 
cavities. These divisions ultimately disappear, leaving the pla- 
centa, jp, bearing the ovules, free in the centre. 
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hairy and viscid, and bears leaves somewhat lanceolate 
in form. The inflorescence is a definite corymb or di- 
chasium — ^the central flower expanding first, and each 
axis dividing into two. The calyx consists of 5 sepals, 
which are as long as the small flower-stalk and the co- 
rolla, but only about half the length of the curved fruit. 
Petals are 5, cloven ; stamens .10, inserted below the 




Fig. 322. Pig. 823. Fig. 324. 

ovary ; pistil composed of 5 coherent carpels, with 5 
styles. Fruit opening at the top by 10 teeth. The mode 
of inflorescence is seen in figs. 325, 326, which show 
the flower-stalk and flower of two other species of 
Cerastium ; and the seed-vessels are seen in figs. 327, 328. 
Another plant common in woods, which illustrates 

Fig. 322. — Capsule of Lychnis Githago at the period of de- 
hiscence, when the pericarp separates into five valves or teeth at the 
summit. 1, The capsule entire. 2, Capsule cut vertically, to show 
the seeds, g, grouped in a mass, on a free central placenta, p. 

Fig. 323. — Seeds. 1, Entire seed. 2, Seed cut vertically. 
t, Spermoderm, or covering of the seed, c, Peripherical embryo, 
suiTOunding the mealy albumen, p. 

Fig. 324. — Capsule or dry seed-vessel of Cerastium trimale, 
after dehiscence, c. Persistent calyx, p, Pericarp dividing at the 
apex, V, into ten teeth, which indicate the summits of as many 
valves united below. 
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this division of the Caryophyllaceae, is the greater stitch- 
wort {Stellaria Holostea). It has a nearly erect stem, 
with sharp and rough angles, and bears lanceolate leaves 
drawn out into a point, placed opposite to each other. 
The flowers are large and white ; calyx of 5 sepals ; 




Fig. y^O. Fig. 8*2(J. 

corolla of 5 deeply-cleft petals, which are twice as long 
as the sepals ; stamens 10 ; pistil with 3 styles, and 
capsule opening with 6 teeth. The common chickweed 
{Stellaria media) is distinguished by its ovate or egg- 
shaped leaves. 

Fig. 325. — Inllorescence of Cerastium grandijloriim. bbbt Op- 
posite bracts produced at each of the branchings. The letters, a 
accented, mark the primaiy, secondary, tertiary, and quaternary 
axes. The primary axis, a , ends in a flower which has passed into 
fruit. Inflorescence determinate. Evolution of flowers centrifugal. 

Fig. 326. — Inflorescence of Cerastium tetrandrum. Letters 
have the same meaning as in the last figure. In the quaternary 
axis, a"", the infloreHcence becomes lateral by the non-development 
of the flower-buds on one side. The inflorescence is dichasial. 
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In the sub-order SilenesB, the plant most easily 
examined is the coDimon red campion {Lychnis dioica). 
In this case we meet with staminate flowers on one 
plant and pistillate flowers on another plant. The plant 
is therefore called dioecious. It has a stem 1-2 feet high, 
bearing ovate acute leaves. Inflorescence, definite, 
dichasial. Sepals 5, united. Petals 5, pink-coloured, 
cleft, and with a crown — ie, scales near the upper part 




Fig. 327. Pig. 328. Fig. 329. 



of the petals. Styles in the pistillate flower, 5. Cap- 
sule opening by 10 recurved teeth (fig. 224, p. 157). 
Placenta in the axis covered by numerous seeds (figs. 
327, 328). The common pink (Dianthus) is distin- 
guished by its 2 styles, seed-vessel opening by 4 teeth, 

Fig. 827. — Pistil of Cerastium hirsutum cut vertically, o, Uni- 
locular or one-celled ovary, Free central placenta, g, Ovules. 
5, Styles. 

Pig. 328. — The same cut horizontally, and the halves separated 
so as to show the interior of the cavity of the ovary, o, with the free 
central placenta, Pt covered with ovules, g, 

Pig. 329. — Polypetalous flower of Dianthus monspessulamis. 
b, Scales at base of calyx, c, Calyx, p'p^ Petals with their claws, 
o, approximated. 
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and scales at the base of the calyx. These characters 
are shown in the carnation (figs. 329 ; 137, p. 100). 
The catchfly {Silene) has 3 styles and 6 teeth in its 
seed-vessel. 

We now pass to two orders which call for attention 
on account of the cohesion of the filaments of the 
stamens by which the plants become monadelphous. 
The orders are the mallow and the geranium families. 

Order Malvacej:, the Mallow Family. Sepals 5 
(fig. 330), more or less cohering at the base (fig. 332 c), 
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with a valvate aestivation, often bearing an external 
calyx (epicalyx) (fig. 332 1), Petals equal in number to 
the sepals ; twisted in the bud. Stamens numerous 
(fig. 332 a\ filaments monadelphous (figs. 332 t; 181, 
p. 134) ; anthers 1 -celled (fig. 333), kidney-shaped, 
opening round the upper margin. Ovary formed by 

Figs. 880-842. — Organs of reprcklnciion of JIalva ^yhesirvt, to 
illmitrate tlie natural order MalvacesB. 

Fig. 830,— Flower iihowing five i^etalii, monailelplioun ifi&menn, 
pednncle or Howeratalk, and two stipules, s (leaf >ieing reniove«1). 

Fig. 331. — Diagram of the flower, showing the differi^t whorls 
or verticils 4 five valvate or imlaplicat« sepals, five iwinUtd jietahi, 
io'lefhiit« niona^lelphons stamens, and unitefl carpeK 
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the union of several carpels round a common axis (figs. 
334, 339 o), either distinct or cohering ; styles as many 
as the carpels (figs. 332, 339 s), united or free. Fruit 
capsular ; carpels one or many-seeded, sometimes closely 
united, at other times separate or separable (figs. 334, 
335) ; embryo curved (fig. 336) ; cotyledons twisted 



(fig. 338). — Herbaceous plants, trees or shrubs, with 
alternate stipulate leaves (fig. 340 s), more or less 
divided, and often with stellate hairs (fig. 82 6, p. 54). 
They are found chiefly in tropical countries, and in the 
warm temperate zone. The plants of the order are 
wholesome, and yield mucilage. Some furnish mate- 
rials for cordage, others supply cotton. 

Fig. 332. — Vertical section of the flower, i, Epicalyx, or in- 
volucre ; c, calyx ; jp, petals ; tube of monadelphous stamens, 
forming an arch above the ovary, o, and united at the base to the 
petals ; a, anthers at the summit of the filaments, free ; s, styles 
free at the summit, united below. 

Fig. 333. — Reniform one-celled anther, opening along the edge, 
separated with the upper part of the filament. 

Fig. 334. — Fruit, surrounded by the persistent calyx, c, con- 
sisting of whorled carpels united together by the axis, a. 

Fig. 335. — A separate carpel viewed laterally. 

Fig, 336, — Curved embryo. Fig. 337. — Exalbuminous seed. 




Fig. 332. 



Pig. 336. 



Fig. 337. 
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Tho mallow order is illustrated by the common 
mallow (Malva sylvestris). The stem of the plant is 
from 2 to 3 feet high, and is branched, bearing kidney- 
shaped leaves which have from 6 to 7 deep lobes and 
hairy stalks with stipules (fig. 340 «). The flowers come 
oflf three and four together (fig. 340). The flower-stalks 




Fig. 839. Fig. 340. 



are hairy. The outer calyx is composed of three leaves. 
The calyx is divided into 6 segments (6-cleft) (fig. 
334 c). The corolla is large and purple, and consists 
of 5 obcordate petals (fig. 340 p)^ which are twisted 
before they expand. Tho stamens are numerous, united 
by their filaments (monadelphous) (fig. 332). The an- 

Fig. 338. — Section of tho embryo, to show tho doubled coty- 
ledons of the Mallow family. 

Fig. 339. — Pistil of Malm Alcea. o, Nine ovaries, united so 
as to fonn one. ty Column formal by nine styles united to near their 
summit, where they diverge and separate. Each of the divisions of 
the style is terminated by a stigma, a. 

Fig. 340. — Cymose axillary cluster of ilowers (fascicle) of Malva 
sylvestris, common mallow. 



252 THALAMIFLORAL DICOTYLEDONS. 



there are kidney-shaped and 1 -celled, opening round the 
margin (fig. 333). The pistil consists of many one- 
seeded carpels arranged in a circle round the axis (fig. 
334). The fruit is wrinkled in a net-like manner. 
Other species are the round-leaved mallow and the 
musk-mallow. The marsh-mallow {AWtcea) is distin- 
guished by its outer calyx being 6-9 cleft ; while the 
tree-mallow (Lavatera) is separated by having a 3- 
lobed outer calyx. 

Order GERANiACBiE, the Cranesbill Family. Sepals 
5, persistent (figs. 342, 343 c c). Petals 5, with twisted 
aestivation (figs. 341, 343 pp). Stamens (fig. 343 e e) 
monadelphous, twice or thrice as many as the petals. 
Ovary of 5 carpels, placed round an elongated axis, a 
beak-like process (hence the name cranesbill) (fig. 344 
a a) ; styles 5, cohering round the axis. Fruit formed 
of 5 one-seeded seed-vessels, terminated each by an in- 
durated style, which curls upwards, carrying the case 
with it (fig. 342). Seeds exalbuminous, solitary, with a 
curved folded embryo, and plaited cotyledons. — Herbs 
or shrubs with simple, stipulate leaves, which are 
either opposite, or alternate with pedimcles opposite to 
them. They are distributed over various parts of the 
world. The species of pelargonium abound at the 
Cape of Good Hope. The name cranesbill is derived 
from the long beak-like prolongation of the axis, or 
what is called the carpophore (fig. 342). Pelargonium 
is distinguished from geranium by irregular petals, and 
a thickened prolongation from the upper sepal along 
the ^ower-stalk. The species of pelargonium are re- 
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markable for the beauty of their flowers ; and by the 
art of the gardener many fine varieties have been 




rig. W3. 



Tliere are twelve species of British geranium. They 
have peduncles bearing two flowers, with the exception 

Figs. 341 to 344 illustrate the natural order Geraniace«e. 

Fig. 341. — Diagram of the flower of a Geranium, with five im- 
bricate sepals, five twisted petals, ten perfect stamens in two rows, 
and an outer row of abortive stamens, five bi-ovular carpels forming 
the ovary. 

Fig. 342. — Fruit of a Geranium, showing the five one-seeded 
(monospermal) ripe carx>els separating from the base of the long beak- 
like procesH, and curving up by means of the stylen, which remain 
adherent to the upper part of the beak. 

Fig. 343. — Young flower of Geranium atrieUum, exhibiting the 
calyx, c c, the stameos, e e, at first longer than the petals, p p. 
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of the bloody cranesbill (Geranium sanguineum), which 
has one-flowered peduncles. Some of them are annual, 




Fig. 344. 



some perennial. Those with a perennial root-stock 
may be illustrated by the wood-cranesbill (Geranium 

Fig. 344. — Branch of a species of Cranesbill {Oeraniwn 
robertianum), showing at a a the beak-like process projecting be- 
jrond the Aower, to which the carpels are attached. 
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sylvaticum). It has an erect stem 1 to 3 feet high. Its 
leaves have 5 to 7 deep lobes, which are cut and serrate. 
Its flowers are produced in a corymbose manner. Calyx 
has 5 awned sepals. Corolla has 5 large purple petals, 
which are obovate and slightly notched, and the claws 
of the petals are bearded. Stamens are 10, united by 
their fllaments. Its 5 styles are united round the 
central axis or beak, and when the fruit is ripe, the 5 
carpels which surround the base of the beak separate 
from each other, and are raised up by the recurved 
styles (fig. 342), and open on their inner side so as to 
scatter the seeds. Among the species which are 
annual, may be noticed stinking cranesbill or herb- 
Eobert (Geranium robertianum), (fig. 344), very 
common in woods, and having a disagreeable smell. 
Its stem is spreading, red, and brittle. Its leaves are 
divided into 2, 3, or 6 leaflets, which are again cut into 
segments. Its calyx is hairy. Claw of the petal smooth, 
and carpels transversely wrinkled, with seeds not dotted. 

The genus Erodium {StorkaUll) is distinguished 
by having hairs on the inside of its recurved styles, 
while geranium has none. 

We may hero notice two natural orders which are 
nearly allied to Geraniacea3. 

Order Oxalidace^, the Wood-sorrel Family. The 
plants of this order have usually compound temate 
leaves (fig. 108, p. 66), 5 sepals, 5 petals with twisted 
aestivation, 10 stamens in two rows, slightly mona- 
delphous, 5 styles, a capsular, 5-celled fruit, and seeds 
with an elastic covering. The formula of the order is : 
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SgPgStg^gCg. Common wood-sorrel {Oxalis Aceto- 
sella) abounds in woods. 

Order Linacks, the Flax order. The flowers are 
usually pentamerous. The stamens are 6, alternate 
with the petals, with 5 intermediate teeth or abortive 
stamens, styles 5 (fig. 346). The seed-vessels often 




Fig. 345. Fig. 347. Fig. 346. 



show 10 divisions in place of 5 in consequence of the 
folding inwards of the back of the carpels (figs. 345 

and 347). The formula of the order is— S5 P5 Stg ^ ^ C^. 
Mucilage, fibres, and oil are yielded by the plants of 
the order. Oil-cake is prepared by bruising the seeds ; 
it is used for fattening cattle. The powdered cake 
constitutes linseed meal, which is used for poultices. 

Figs. 345 to 348 illustrate the uatiiral order LiiiaceoB. 

Pig. 345. — Diagi-am of the Flax plant, showing five imbricate 
sepals, five contorted petals, five alternating stamens, and five 
divisions of the ovary, each of which is divided into two by a 
spiirions septum from the dorsal suture. 

Fig. 346. — Syncarpous pentacarpellary ovary of the Flax plant, 
with live distinct styles. 

Fig. 347. — ^Transverse section of the syncarpous fruit of the Flax 
plant, showing the five cells or loculaments, divided^ each into two 
by a spurious dorsal septum. 

I 
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In the purging flax (Linum caiharticttm) the leaves are 




Fig. 848. 



Opposite, while in the other Dritish Rimiea the Ieave8 
are scattered (fig. 348). 

QUESTIONS. 

1 . What IB meant by phanerogamous planto ? 

2. Give the character of the cltt«« DicutyledoneB. 

3. Define Thalamiflora). 

4. Give the essential characters of the natural order 
Ranuncuhkcea). 

5. Descrilje the fruit of the crowfoot family. 

Kij^. 348. — TAnum usitatUdmumt the FUx pUut It in tlio 
Iltibrvw I'lKlitah referre<i Uy in Kxod. ix. 31, JokIi. if, 6, and lu 
iiiatiy <Ah*;i- ptMitage^ of the OM Te»taiueut ; ami it hi the lAmn of 
Matt. xn. 20, 



8 
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6. How does the position of the seed differ in crow- 
foots ? 

7. How do the anthers of crowfoots open ? 

8. What are the species of ranunculus called buttercups ? 
Separate them from each other. 

9. Mention some of the Eanunculacese in which the 
corolla is wanting. 

10. Mention some irregularities in the petals of the 
crowfoot order. 

11. Give the essential characters of Nymphseacese. 

12. What kind of disk is met with in water-lilies ? 

13. Give the essential characters of PapaveracesB. 

14. What are the points of resemblance between Papa- 
veracesB and Eanunculaceae ? 

15. What are the points of resemblance between Papa 
veracecB and Cruciferse ? 

16. What kind of juice is yielded by Papaveraceous 
plants ? 

17. What plant yields opium? 

18. Separate the genus Papaver from the genus Mecon- 
opsis. 

19. Give the essential characters of CrucifersB. 

20. Mention the kinds of fruit which are met with in 
the cruciferous order. 

21. What is contained in the seed of crucifers ? 

, 22. Mention peculiarities in regard to the embryo of 
CrucifercB. 

23. On what characters are subdivisions of the order 
CruciferaB founded ? 

24. Mention a few cruciferous British plants. 

25. Give the essential characters of Violacese. 

26. Mention a peculiarity in the petals. 

27. Mention some peculiarities in the stamens. • 

28. What is the nature of the stigma ? 

29. Define Caryophyllacess, and mention some plants * 
found in the order. 

30. What are the subdivisions of the chick weed order ? 
Oive their characters. 
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31. Explain the mode in which the Beed-veasels of the 
carnation and the red campion open. 

32. What relation do the valves or teeth of the seed- 
vessels of Caryophyllacea) bear to the styles ? 

33. What kind of inflorescence occurs in the chickweed 
or carnation order ? 

34. Describe the nature of the placenta, and the position 
of the embryo in that order. 

35. Qive the essential characters of MalvaceoB. 

36. Is there any peculiarity in the calyx of mallow ? 

37. Give the SBstivation of the corolla. 

38. Qive the character of the stamens of mallow. 

39. How do their anthers open ? 

40. What is the nature of their seed-vessels ? 

41. What are their properties ? 

42. Qive the essential characters of Geraniaceao. 

43. Describe their stamens. 

44. Describe the mode in which their seed-vessels open 
to scatter the seed. 

45. Why is geranium called cranesbill 7 

46. Distinguish geranium from erodium (the storksbill). 

47. Mention a peculiarity in the calyx of the pelar- 
gonium. 

48. Qive the characters of the order Oxalidacero. 

49. Qive the formula for the order, 

50. Mention a peculiarity in the seeds of oxalis. 

51. How do Oxalidaceo) differ from Qeraniaceoe ? 

52. Qive the characters of the natural order Linaceee. 

53. Qive the formula for the order. 

54. What are the products yielded by Linacea) ? 

55. How does purging flax differ from the other BritiHh 
species ? 

Wo now pass on to the second sub-class of Dico- 
tyledonous plants. 
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Sub-Class II. — CALYOiFLORiE. 

In the plants belonging to this sub-class, calyx and 
corolla are present ; the petals are distinct or united, 
and the stamens are attached to the calyx — being 
perigynous or epigynous. 

Section 1. — Polypbtal^.— Petals separate, stamens 
attached to the calyx, perigynous or epigynous. 

This section may be illustrated by the leguminous 
and rosaceous orders, as well as by willow-herbs, 
stonecrops, saxifrages, and umbelliferous plants. 



Order Leguminos^, the Pea and Bean Family. — 

Figs. 349-353. — Organs of fructification of Lathyrm odoratuSf 
Sweet-pea, a papilionaceous flower, showing the structure of the 
natural order Leguminosa3. 

Fig. 349. — Diagram of the flower, showing five divisions of the 
calyx, 5 petals, consisting of 2 parts forming the carina, 2 alas, and 
the vexillum, which is superior ; 10 stamens, diadelphous ; ovary 1- 
celled, formed by a single carpel ; one of the ovules shown with its 
stalk attached to the ventral suture. 

Fig. 350. — Longitudinal section of the flower of Lathyrus odor- 
aim. c c. Calyx, with five segments, e, Vexillum or standard, 
being the superior petal, a. One of the alas, or wings, c a, One- 
half of the carina, or keel, t, Tube of the stamens, the filaments 
being united in two bundles (diadelphous). o. Ovary laid open, 
showing the ovules attached to the placenta, on the ventral or upper 
suture. Sf Stigma, at the apex of the style, which is continuous 
witb the ventral suture. 




Fig. 349. 



Fig. 360. 
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Calyx has five segments (fig. 360 c c), with the odd 
one inferior. Petals usually 5 (figs. 349, 350), and 
unequal, often papilionaceous (figs. 171-173, p. 123), 
with the odd petal superior (fig. 350 e\ stamens usually 
monadelphous or diadelphous (figs. 350^; 182, p. 135). 
Ovary superior, 1 -celled, consisting usually of a solitary 
carpel (fig. 350 o). Fruit a legume (figs. 351 ; 213, p. 




Fig. 851. Fig. 863. 



163). Seeds solitary or several (fig. 352) ; embryo ex- 
albuminous (figs. 353 ; 20, p. 13). — Herbaceous plants, 
shrubs, or trees, with alternate, usually compound leaves. 

Fig. 861. — Fruit, a legume or pod, formed by two valves, 
opening by the ventral and dorsal suture. Seeds attached on each 
side of the ventral suture, curved upon themselves, having a marked 
hilum and stalk. 

Fig. 352. — A seed separated. /, Stalk of seed, c. Point where 
nourishing vessels reach the embryo. ?», Opening in seed. 

Fig. 353. — Embryo, which occupies the entire seed after the 
covering is removed, c c. Two cotyledons separated : they are 
fleshy and remain imderground during gonnination. g, Young 
stem, r. Radicle. 
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having two stipules at the base of the petiole (fig. 
100, p. 63). The flowers are frequently papiliona- 
ceous, and the fruit is commonly leguminous; and 
by the presence of one or other of these characters the 
order may be recognised. The formula for Leguminosae 

is— SgPgStfi^^^iCi. 

The plants of the order are widely distributed 
over the globe. 

The order has been divided into three sub-orders : 
— 1. Papilionacece ; papilionaceous flowers, petals im- 
bricated in aestivation, and upper one exterior. Exam- 
ples — Broom, pea. 2, Ccesalpiniece ; flowers irregular, 
petals imbricated in aestivation, upper one interior. 
Examples — Cassia, logwood. 3. Mimosece; flowers 
regular, petals valvate in aestivation. Example — 
Gum-arabic tree. 

This is a very extensive and a very important 
natural order. It embraces many valuable medicinal 
plants, such as those yielding senna, gum-arabic, tra- 
gacanth, catechu, and kino ; important dyes, as indigo 
and logwood ; many valuable timber-trees, as locust-tree 
and rosewood ; plants furnishing nutritious food, such as 
the bean, pea, and clover. The properties of the order 
may be considered in general as wholesome, although it 
contains some poisonous plants, such as the Calabar bean. 

All the British Leguminous plants belong to the 
sub-order Papilionaceae, having pea-like blossoms. To 
illustrate the order, we shall take the common broom 
(Sarothamnus scoparius). The broom is a shrubby plant, 
having a stem 2 to 3 feet high, with angular smooth 
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branches ; the leaves are stalked, and are arranged in 
threes (ternate) ; the upper ones, however, are simple 
(not compound) ; the leaflets are inversely egg-shaped. 
The flowers are large, bright yellow, and are either 
solitary or in pairs, with short stalks ; the calyx is two- 
lippod, the upper lip having two minute teeth, the 
lower three ; the standard is large and covers the other 
parts of the flower in bud ; the keel is blunt, and 
finally falls down ; the stamens are monadelphous, and 
their tube is split on the upper side ; the style is long, 
curved, and thickened upwards towards the stigma, 
which is small and like the head of a minute pin ; the 
pods are dark-brown and hairy at the edges, containing 
many seeds, and when ripe they open in an elastic 
manner and often with a marked noise. 

Most of the British plants in the order are dia- 
dolphous. This character is seen in vetches, everlasting 
pea, trefoils, and bird's-foot trefoil, in which there are 
nine stamens united by their filaments, and one separate 
(fig. 182, p. 135), as shown in formula, p. 262. The leaves 
of the British species are either solitary, or they are 
ternate or pinnate. Papilionaceous flowers and legumes 
are present in all the British plants of the order. 

Order RosACEiK, the Rose Family (figs. 364 to 
364).— Calyx 4-6-lobed (fig. 355 c c), the fifth lobe 
superior. Petals as many as the divisions of the calyx, 
often 6 (fig. 356 pe), sometimes wanting, generally 
regular. Stamens perigynous, definite or indefinite 
(fig. 366 e). Ovaries superior, either solitary or several, 
one-celled (fig. 367). Fruit, achenes (figs. 363 ; 206, 



264 CALYCIFLORAL DICOTYLEDONS. 



p. 146) or drupes (fig. 358), or follicles, or pomes 
(pp. 155, 158). — Herbaceous plants, or shrubs, or trees, 
with simple or compound, alternate, stipulate leaves (fig. 
116, p. 70). They are found chiefly in the cold and 




Fig. 854. Fig. 855. Kg. 366. 



temperate climates of the northern hemisphere. Some 
are found on high mountains within the tropics, and a 
few occur in warm regions. The superior odd lobe of 
the calyx distinguishes this order from Leguminosae. 

The order has been divided into the following sub- 
orders : — 1, Rosece; calyx-tube becoming fleshy and 
covering numerous hairy achenes (fig. 362). Emmple 
— Kose. 2. Potentillece; fruit consisting of numerous 
achenes on an elevated receptacle. Example — Straw- 
berry (fig. 167, p. 122 ; 217, p. 154). 3. Sanguisorbece ; 
petals 0, stamens definite, often 4 (fig. 364). Example 
— Lady's-mantle (fig. 206, p. 146). 4. AinygdcHece; 
styles terminal, fruit a drupe (fig. 1 9 7, p. 1 43) . Example 

Figs. 354-361. — Organs of fructification of a kind of bramble 
{Rtibus sirigostis), iUustrating the natural order Rosacea. 

Fig. 354. — Diagram of the flower, with five divisions of the 
calyx, 5 petals, nidefinite perigynous stamens, and numerous carpels. 

Fig. 355. — ^The flower cut vertically, c c, Calyx, pe. Petals. 
e, Stamens, d, Disk, linihg the base of the calyx, upon which the 
stamens are inserted, pi. Pistil composed of several carpels. 

Fig. 356. — Anther separated, with the upper part of the fila- 
ment seen on the outside. 



OBDER ROSACEiE. 



265 



— Cherry (fig. 141, p. 102). 5. Spirceece; fruit consist- 
ing of numerous follicles. Example — Queen of the 
meadow. 6. Pomece; fruit a 1-5-celled fruit like the 
apple (pome). Example — Apple. 



Many of the plants of the order yield edible fruits, 
such as raspberries, strawberries, brambles, apples, 
pears, quinces, plums, cherries, almonds, peaches, nec- 
tarines, and apricots. Some are astringent, others yield 
prussic acid. 

We shall illustrate the order, in the first place, by 
the genus Eosa, which is easily distinguished by its fruit, 
commonly called the hep of the rose. This fruit con- 
sists of the calyx, with a fleshy covering inside, bear- 
ing numerous hairy achenes, each terminated with 
a long style. The tube of the calyx is contracted at its 
orifice, and the limb of the calyx is seen on the top of 

Fig. 357.— Ovary, o, cut vertically, g, Suspended seed. 
Lateral style. 

Fig. 358. — Fruit. /, Succulent carpels with the persistent 
calyx, c, connected with which the withered filaments are seen. 

Fig. 359. — Vertical section of a carpel. Lateral style, m, 
Mesocarp. Endocarp. gr. Seed. 

Fig. 360. — Horizontal section of the exalbuminous seed, t, 
Integument, c. Cotyledons of the embryo. 

Fig. 361. — Embryo isolated. It fills the entire seed. 




Fig. 357. 



Fig. 368. 



Fig. 869. Fig. 861. 
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the The rofKn Iiare priekl j stems, pmiiale kares, 

with Atipale ariherent to the kaf-atftlk (% CT, pi 44). 
The Barnet roee k the eonunoo Seotdi rose, iomd 
ahandantlj on nax^j soik. The dog-n»e, the sweet- 
hfier (fi^, ^^^), and the downj-Ieared (tomentose) rose, 
belong to the genxw. 



Examine the common wild strawbeiTy (Fragaria 
veBca), and yon will find a short stem sending ofi 
runners, which root as they extend, bearing temate 
leaves ; flowering stem erect, and producing few flowers ; 
a double calyx with five large and five small segments 
alternating ; five petals (fig. 167, p. 122), numerous sta- 
mens adhering to the calyx ; single-seeded carpels on the 
top of a succulent receptacle (fig. 217, p. 154) ; styles 

Fig. 862. — I'olyjietalotw flower of Rom ruJbiginosa, the sweet- 
brier, hf Bract or floral leaf, ct. Tube of calyx, which forms 
the con«picuotiH part of what is commonly called the fruit. 
f'A c/t eft cf, HepalH of the calyx, pppp, Petals without a claw. 
ff Htaincns attachwl to the calyx. 

Fig. 868. — Carpel of strawberry, o, Ovary, Style arising 
from near the base, and becoming builar by the mode in which the 
avary h developed ; the style, however, still indicating the organic 
Mp0x of the ovary. 




Fig. 



Fig. 363. 
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lateral, arising from near the base (fig. 363). La the 
strawberry the edible part is the juicy receptacle, 
whereas in the raspberry the receptacle is not eaten^ 
but the succulent carpels are used. The cinquefoil 
(Potentilla) diflfers from the strawberry in having a dry 
receptacle. In the lady's-mantle (Alchemilla vulgaris, 




Fig. 364. 



Jig. 364) the corolla is wanting, the parts of the flower 
are arranged in fours, the fruit consists of a single 
achene, and the style is lateral ; the leaves are rounded 
and plaited, and from 7-9-lobed. The formula for 

Alchemilla is — S4 + 4 Pq St4 C^, The cherry and peach 
have drupaceous fruit ; the apple and pear have fleshy 
fruit formed of five carpels, and the queen of the 
meadow (Spircea) has follicles for its fruit. 

Order ONAGRAOBiE, the Willow-herb Family. 
Floral symmetry binary or quaternary. Calyx su- 

Fig. 364. — Flower of Lady's-mantle {AlcJieniilla vulgaris), 
with a double calyx of 8 part8, four stamens, a basilar style, and 
a thick ring in the throat of the calyx. 
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perior, and four-yalved ; sometimes succulent, as in the 
fuchsia. Seeds sometimes haiiy as in willow-herb. 
This order is illustrated by the genera epilobium, 



Fig. 865. 

Oenothera (evening primrose), circsea (enchanter's night- 
shade), trapa (the water-chestnut), and fuchsia. 

Order Crassulace^, the Stonecrop Family. Fleshy 
plants (fig. 367), with pentamerous symmetry (figs. 

Fig. 365. Flower of WiUow-herb (Epilobium), showing the long 
j)od-like ovary adherent to the tube of the calyx, the epigynous 
petals and stamens, with the single style and papillose lobed stigma. 
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366, 368). Stamens often 10 or more, with scales 




Fig. 809. Fig. 'M7. 



at their base. . Carpels separate (not coherent). Fruit 
composed of follicles (fig. 369). The species often 

Fig. 866. —Diagram of Stonecrop (Sedum) showing 6 sepals, 5 
petals, 10 stamens in 2 rows, and 6 carpels with hypogynous scales. 

Fig. 867.— Biting Stonecrop {Scdum acre), with its secund yellow 
flowers in a racemose cyme. 

Fig. 368.— Flower of Sedian acre, showing 5 petals, 10 stamens 
in 2 verticils, and 6 carpels forming the pistil. 

Pig. 369.— Fruit of Sedwn acre, consisting of 6 follicles with 
glands at their base. See Formula of Sedum (page 202, line 16). 



270 CALYCIFLOBAL DICOTYLEDONS. 



grow in rocks or walls ; some are acrid, as the biting 
stonecrop (Sedum acre, fig. 367). The house-leek grows 
on the tops of houses. 

Order Saxifbagacelb, the Saxifrage Family. Mowers 
are indefinite racemes or corymbs (fig. 370). Symmetry 




Fig. 370. Fig. 372. 



of the flowers quaternary or quinary (fig. 371). Calyx 
adherent more or less to the ovary (fig. 372). Sta- 
mens perigynous. Fruit bicarpellary, usually two- 
Fig. 370. — Rue-leaved Saxifrage {Saxifraga tridactylites), with 
wedge-shaped, trifid leaves, and flowers in a racemose cyme. 

Fig. 371. — Diagram of the flower of Saxifraga tridactylites, with 
5 divisions of the calyx, 5 petals, 10 stamens in 2 rows, and a bicar- 
pellary pistil with numerous ovules. 

Fig. 372. — Cai-pel of Saxifrage, cut vertically, showing the ad- 
herent calyx, the beak of the carpel or style and stigma, and the 
ovules attached to the placenta. 
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beaked, and opening between the beaks. The plants 
are found chiefly in alpine districts. On the Scottish 
mountains there are many showy saxifrages, such as 
Saxifraga aizoides, S. stellaris, S. hypnoides, S. opposi- 
tifolia showing its large purplish-red blossom in April ; 
S. nivalis, S. rivularis met with on Lochnagar, and 
S. cernua, on the summit of Ben Lawers. They are 
very interesting plants, and attract the notice of all 
mountain traveller. Another species, S. granulata, is 
an early spring plant which occurs abundantly in woods. 

Order Umbelliper^, the Hemlock Family (figs. 
373-379). — Calyx superior, 5-toothed or entire. Petals 




Fig. 378. Fig. 874. 



5, inserted on the outside of a fleshy epigynous disk, 
often with inflexed points (figs. 374, 377). Stamens 6, 
alternate with the petals (figs. 373, 374, 375, 377). 
Ovary inferior, 2-celled, crowned with a double disk (37 6, 
377 gp) ; ovules solitary, pendulous ; styles 2, distinct 

Figs. .373-379 illustrate the natural order Umbelliferfr. 

Fig. 373. — Diagram of the flower of the common carrot {Daucns 
Carota) with a 5-toothe(l calyx, 6 inflexed petals, 5 stamens, and 
finiit formed by two carpels, with ridges and albumen. 

Fig. 874. — The flower viewed from above, showing the petals 
with inflexed points and 5 stamens, get Epigynous disk. 
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(figs. 376, 377 «). Fruit (figs. 378, 379) formed by two 




Fig. 377. Fig. 378. 



achenes, which, adhere by their faces to a common axis, 
from which they separate and are suspended when 

Fig. 375. — Perfect flower of asafoetida (Narthex Asa/cetida), 
with obsolete 5 -toothed calyx, 5 oblong petals, one showing inflexed 
point, 5 stamens, epigynous disk, and 2 slightly-curved styles. 

Fig. 376. — Pistillate flower of asafoetida with obsolete-lobed calyx, 
2 deflexed styles surmounting the cremocarp. 

Fig. 377. — Vertical section of the flower of carrot, p, Petals 
with inflexed points, e, Stamens, one incurved at the apex, o. 
Ovary formed by two carpels, adherent to the calyx throughout, s. 
Styles and stigmas, ge, Epigynous disk or stylopod. 

Fig. 378. — Horizontal section of the fruit (cremocarp) 9f carrot 
with bristly ridges. 
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ripo (fig. 380) ; each achene is traversed by ridges. In 
the substance of the covering of the fruit there are 
frequently oil-cavities called vittse. Seeds pendulous (fig. 
379 g), embryo minute, at the base of abundant horny 
albumen (fig. 379 e). — Herbaceous plants, often with 
hollow and furrowed stems, having alternate, rarely 
opposite, variously divided, sheathing loaves, and umbel- 



late flowers (fig. 142, p. 103). They are found chiefly 
in the northern parts of the northern hemisphere. In 
warm countries they occur at high elevations. The 
order has been divided according to the number and 
size of the ridges on the fruit, the presence or absence 
of vittso, and the form of the albumen. 

The properties of the plants of this order are various. 
Some yield articles of diet, others gum-resins and 
oily substances, while others are highly poisonous. 
According to their qualities, the species have been 
divided into — 1. Those which are harmless, and are 
used as esculent vegetables— carrot, parsnip, and parsley. 

Fig. 379.— Vertical section of the fruit. /, Pericarp, Sus- 
pended seeds. /?, Flat albumen, e. Embryo. 

Fig. 380.— The fruit of Fennel, separating into 2 achenes 
(mericarps) suspended by the split carpophore. Styles, stylopod, 
and the ridges of the fruit are seen. 




Fig. 379. 



Fig. 880. 
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2. Those producing a gum-resin, often having a fetid 
odour from the presence of a sulphur-oil, and which 
are used as antispasmodics and stimulants — asafoetida 
and galbanum. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic — caraway, cori- 
ander, anise, cummin. 4. Those which are poisonous, 
in consequence of the presence of an acrid and narcotic 
juice — hemlock and fooFs parsley. 

Many native plants may be used to illustrate the 
Umbel-bearing family. In the early months of summer 
the chervil (Anthriscus) and the cicely (Myrrhis) will 
answer the purpose well. It is of importance to see 
the fruit fully formed, and hence the characters of 
the plants are best seen later in the season. The 
sweet cicely (Myrrhis odorata), which is common on 
the banks of streams, may be taken as an illustration, 
more especially as from its early flowering it per- 
fects its fruit sooner than others. It is a highly 
aromatic plant, two or more feet in height. The 
leaves are large, thrice-pinnate, and the leaflets are 
pinnatifid. The leaves are downy below, and they 
are marked above by white spots or patches. The 
flowers are white, arranged in compound umbels. The 
calyx-limb is very minute and scarcely visible. The 
petals are inversely heart-shaped, with a turned-in 
point. The fruit is large, composed of two achenes united, 
which when ripe separate, and are for a time suspended 
by their apex, by means of thread-like cords. The 
covering of the achenes is double, the inner one being 
close to the seed, the other being folded into hollow 
ridges. At the top of the fruit the disk and two styles 
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are easily observed. By cutting across the fruit the 
white curved albumen will be seen. 

QUESTIONS. 

1. Give the characters of the sub-class Calycifloree. 

2. Give the characters of the section Polypetaleo of the 
calycifloral sub-class. 

3. Give the characters of Leguniinoso), including calyx, 
corolla, stamens, and fruit. 

4. What kind of corolla is found in the British legu- 
minous plants ? Give an example. 

5. Give a formula for leguminous plants. 

6. What are the sub-orders of Leguminosa) ? 

7. Give the essential characters of these sub-orders. 

8. Give an illustration of each of the sub-orders. 

9. What are the properties of Leguminosce ? 

10. Mention a poisonous plant of the order. 

11. Mention a peculiarity in the mode in which the 
legume of the broom opens. 

12. Give the character of the style of the broom. 

13. What kind of stamens are met with in the British 
legiiminous plants ? 

14. Mention some common leguminous plants used for 
food. 

15. What kind of leaves are most commonly met with 
in leguminous plants ? 

16. Give the characters of the natural order Rosaceie. 

17. How is the calyx of Rosaceae distinguished from 
that of Leguminosae ? 

18. What kind of fruit occurs in Rosaceee ? 

19. Mention the sub-orders of Rosacese. 

20. Give the essential characters of each of the sub- 
orders. 

21. Mention plants illustrating each of the sub-orders. 

22. What are the usual properties of the plants belong- 
ing to the order Rosaceee ? 

23. Give a description of the hep of the rose. 
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24. Explain the difference between the fruit of the 
strawberry and that of the raspberry. 

25. Mention a peculiarity in the style of the strawberry. 

26. What constitutes the succulent part of the straw- 
berry, and what does it bear on its surface ? 

27. How does the fruit of the common cinquefoil differ 
from that of the strawberry ? 

28. Mention a peculiarity in the flower of the common 
lad/s-mantle. 

29. Give the essential characters of the order Onagraceaa. 

30. Mention plants illustrating the order. 

3 1 . What is the difference between the fruit of Epilobium 
and that of the Fuchsia ? 

32. Mention a peculiarity in the seeds of Epilobium. 

33. Give the essential characters of the order Crassulaceae. 

34. Mention plants illustrating the order. 

35. Give the essential characters of the order Saxifragacese. 

36. Mention some of the Alpine Saxifrages of Britain. 

37. Give the essential characters of the Umbelliferous 
order. 

38. Whence is the name derived ? 

39. Give specially the characters of the fruit of Um- 
bellifersB, and the mode in which it is scattered. 

40. What is meant by the vittae of umbelliferous 
plants ? 

41. What are the properties of Umbelliferse ? 

42. Mention plants illiistrating different properties in 
the order. 

43. Give the characters of the fruit of the sweet cicely. 

We proceed to consider the second Section of the 
Calycifloral sub-class. 

Section 2. — Gamopetal^. — Petals united ; stamens 
usually epigynous. This section includes the orders 
with united petals, in which the ovary is inferior, 
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or, in other words, in which the calyx is superior. 
This section will be illustrated by the woodruflF, valerian, 
harebell, and composite orders. 

Order Rubiaobje, the Woodruff and Madder Family 
(figs. 381 and 382). Calyx superior, the limb with 4-6 
divisions, sometimes a mere rim (fig. 382 c). Corolla 
tubular or rotate. Stamens 4-5. Fruit usually bilocu- 



lar, each loculament containing one or more seeds. 
There are three sub-orders : — 

a. Galiese or Stellatee, — with square stems, whorled 
leaves, no stipules, one seed in each cavity of the fruit. 
This is illustrated by the bedstraw (Galium), madder 
(Kubia), and woodruff (Asperula), in Britain. 

h, Coffeee, — plants of warm climate, with evident 
stipules, fruit with 1-2 seeds in each loculament, as in 
the coffoe-plant, which has also a succulent fruit. 

6*. CinchoneaB, — with distinct stipules and glands, fruit 
containing numerous seeds in each loculament, as in the 
Peruvian bark tree (Cinchona), and ipecacuan (Cephae- 

Fig. 381. — Diagram of the flower of Madder (Rvhia tinctorum), 
with the rim-like calycine limb, 6 parts of the corolla, 6 stamens, 
and a 2-celled and 2-seeded ovary. 

Fig. 382. — Pistil of Madder, with the adherent calyx-tube, ob- 
solete limb in the form of a mere rim at the top of the ovary, 2 
styles and 2 stigmas. 




Fig. 881. 



Fig. 882. 
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lis). Many of the plants are found in South America. 
The Peruvian bark trees are met with in the Andes 
at elevations varying from 5000 to 8000 feet above the 
level of the sea. Ipecacuan grows in several Brazilian 
provinces. Both cinchona (yielding quinine) and ipeca- 
cuan are now cultivated in India. The plants of the 
order have tonic and emetic properties. They are used 
in intermittent fever (ague) and in dysentery. The 
hard seeds of coffee when roasted are used as a beverage. 

Order VALBRiANACEiB, the Valerian Family (figs. 383- 




Fig. 383. Fig. 384. 



386). — Herbs with opposite exstipulate leaves and 

Fig. 383. — Diagram of Valerian ( Valeriana officinalis), showing 
calycine feathery pappus outside, 5 lobes of the corolla, 3 stamens, 
and one perfect ovarian cell with a single ovule. 

Fig. 384. — Flower of Valerian, with adherent calycine tube, 
obsolete limb I, which becomes pappose, irregular corolla c, gibbous 
at the base and with a 5-lobed limb, 3 stamens, and one style with 
3 stigmas. 



ORDER OAMPANULACBiE. 279 



cymose inflorescence. Calyx superior, limb obsolete or 
forming a kind of pappus. Corolla tubular, 3-6 lobed, 
sometimes spurred at the base (fig. 384). Stamens 
1-5, inserted on the corolla. Ovary with one cell and 
2 abortive ones ; ovule solitary. Fruit dry and indehi- 
sceut, with 1 fertile cell, sometimes pappose (fig. 385). 




Fig. 885. 



Natives of temperate climates in Europe, Asia, and 
America. The plants are usually strong-scented and 
aromatic. Cats are fond of the odour. Valerian root is 
used in medicine in nervous affections. The spikenard 
of the ancients is included in this order. 

Order CAMPANULAOBjB, the Harebell Family (figs. 
386-393.) — Calyx superior, usually 6-lobed (figs. 
387, 388 c), persistent. Corolla gamopetalous, usually 
5-lobed (fig. 166, p. 122), regular, withering on the 
stalk. Stamens inserted into the calyx, alternating 

Pig. 886.— Fniit of Red Valerian (Centranthua ruber), inde- 
hlRcent, containing one perfect need (2 others being abortive), and 
having a feathery pappose calyx-limb c, at the apex. 
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with the corolline lohes, and equal to them in number ; 
anthers free (fig. 388 e). Ovary inferior, composed 
of two or more carpels ; ovules indefinite (fig. 389). 




Fig. 880. Fig. 387. Tig. 388. 



Fruit capsular, crowned with the withered calyx and 
corolla (fig. 390), opening by lateral apertures, or at the 
apex. Seeds attached to a central placenta; embryo 
straight, in the axis of fleshy albumen ; radicle pointing 
to the base of the seed (figs. 391-393).— Milky herbs 
or undershrubs, with alternate, rarely opposite, exstipu- 
late leaves. The flowers in most instances belong to 
the blue series. They are natives chiefly of northern 
and temperate regions. They abound in the alpine 

Figs. 386-393. — Organs of reproduction of Rampion {Cam- 
panula jRapunculus), to iUustrate the natural order Oampanulace«e. 

Fig. 386. — Diagram of the flower, showing five divisions of the 
calyx, five divisions of the corolla alternating with them, five alter- 
nating stamens, and five cells (loculaments) of the ovary. 

Fig. 387. — Flower-bud. c, Calyx above the ovary. j>, Corolla, 
with valvate aestivation. 

^Fig. 388. — Vertical section of the fiower. c. Calyx above the 
ovary, o. p, Gamopetalous corolla, e. Stamens with bilocular 
anthers, s, Lobed stigma at the apex of the style which is covered 
with collecting hairs, o, Ovary containing niunerous ovules attached 
to a central placenta. 

I 
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di»irictH of Europe and Ania, and aro aUo froquont in 
North America. The milky juice found in the plantu 
of thiA order has acrid properties. The roots and 
young shoots of rampion {Campanula Bajmncultis) are 
used as articles of diet. 



FigN. im. m. m. 

Tlie Campanulacctu can bo most easily illustrated 
by the common harebell of our fields, called Cam- 
panulu rotundifolia (fig. 166, p. 122). llie specific 
name means round-leaved ; but this character is not 
easily seen. It is only the lowest leaves that have this 
character, and they wither soon, lliese lower leaves 
aro roi^ndod, cordate, and have stalks ; while the upper 
IcavcH arc BOHsile and lanceolate or linear. The stem is 
iVom to 12 inches high. The flowers are one or 
more, supported on stalks and drooping. The seg- 

Fig. JJ81). — Uorizontul Mcction ol' tlio ovary. 
Fig. 390. — Fniit (5rowned by the limb of the calyx, dehUcing 
by opcniiigfi at the banc. 

Fig. 391. — Heed in an entire state. 

Fig. 892.— Heed cut veHically. 77, PcriKperm (albumen). 
Htraight embryo in the axiH of the albumen, with the radicle point- 
ing to the hilum (baHO of Heed). 

Fig. 898.— Embryo detached, bhowing it« fonn, the cotyledons, 
and radicle. 
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ments of the calyx are narrow. The corolla is bell- 
shaped, usually blue, sometimes white. The plant is 
commonly called in Scotland the blue-bell, a name 
which is given in England to the wild hyacinth. 



Order CoMPOSiTiE, the Dandelion and Daisy Family 




Pig. 395. Fig. 394. Fig. 396. 



(figs. 394-400). — Calyx superior, its limb usually divided 

Figs. 394-398. — Organs of reproduction of Compositae. 

Pig. 394. — Diagram of the flower of a Senecio. The outer 
dotted circle indicates the pappose limb of the calyx, within it is 
the tubular corolla with five divisions, next five stamens with 
united anthers, and in the centre the 1 -celled 1 -seeded ovary. 

Fig. 395. — One of the ligulate flowers or florets of Gichorium 
IntybuSf Succory or Chicory, belonging to the sub-order Ciclioracese. 
0, Ovary bearing the calyx on its summit, the limb of the calyx 
forming a crown surrounding the base of the ligulate (strap-shaped) 
corolla, which has five divisions at the top. e, Cylinder formed by 
the anthers (synantherous), traversed by the style with its bifid 
stigma, 8. 

Fig. 396. — Tubular flower of Aster rubricaulis, belonging to 
the sub-order Corymbiferae, cut longitudinally, to show the erect 
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into hairs, called pappus (figs. 164, p. 120 ; 396 a). 
Corolla gamopetalous, ligulate (figs. 395 ; 164, p. 120), 
or tubular (figs 396; l83, p. 135), in the latter case 
usually 5-toothed (fig. 162, p. 120). Stamens usually 5 
(fig. 396 e) ; filaments distinct ; anthers (figs. 395, 396 
e) cohering into a cylinder (syngenesious). Ovary in- 



ferior, bearing the calyx on its summit (figs 395, 396 o, 
398), 1-celled; ovule solitary (figs. 208, p. 149 ; 396, 
398); style simple; stigmas two (figs. 164, p. 120; 
395). Fruit, an achene (fig. 162, p. 120), crowned 
with the limb of the calyx (figs. 130, p. 98; 398). 
Seed solitary, erect, exalbuminous (fig. 398). — Herbs or 

ovule Of enclosed in the ovary ; when ripe this forms an achene. 
Pf United petals, a, Pappus, consisting of the altered limb of the 
calyx. Cf Stamens with their united anthers, attached to the cor- 
olla. 8f Style traversing the antherine tube. 

Fig. 397.— Style of Vemonia with bifid hairy stigma. 

Fig. 398.— Ripe fruit of a Senecio, cut vertically, a, Exalbu- 
minous embryo, Spermoderm or covering of the erect seed, p, 
Pericarp, consisting of ovarian wall, with the seed in the Interior. 
8f Style. 




Fig. 897. 



Fig. 398. 
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shrubs, with alternate or opposite, exstipulate leaves, 
and heads of flowers, called florets, which have either 
stamens and pistils together, or are pistillate and 
staminate, and are surrounded by bracts in the form of 
an involucre (fig. 128, p. 97). 

This is one of the largest, and, at the same time, 
one of the most important natural families in the 
vegetable kingdom. The plants were all included by 
linnsBUS in his class XIX., Syngenesia, and were divided 
into five orders (page 212). They amount to 10,000 
species, and are variously distributed over all quarters 
of the world. 

This order has been divided into three sub-orders ; 
— 1. Cichoracese (cichorium, chicory), having the florets 
all ligulate. 2. Cynarocephalse (cyiiara, the artichoke), 
having the florets all tubular ; style swollen below 
the point where it divides ; involucre hard, conical, and 
often spiny. 3. Corymbiferae (corymhus, a corymb, and 
fero, I bear), having tubular florets in the centre, and 
ligulate in the circumference ; style not swollen, invo- 
lucre hemispherical, leafy, or scaly, seldom spiny. 

Sub-order Cichoraceoi (fig. 399). — Most of the plants 
of this sub-order yield a milky juice, which is bitter, 
astringent, and sometimes narcotic. By cultivation 
some of them are rendered esculent. Chicory, dande- 
lion, lettuce, and hawkweed, are among the plants of 
this section. 

Sub-order Cynarocephalce (fig. 143, p. 104). — ^The 
plants of this sub-order are usually bitter and tonic. 
The bitterness is often much lessened by cultivation, 
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and the plants become esculent. Thistles, burdock, 
and artichoke, are found in this division. 

Sub-order Corymhiferce (fig. 128, p. 97).— The 
plants of this sub-order have the general bitterness of 




Fig. 899. 

the order, and some of them have an aromatic odour, 
from the presence of volatile oil Chamomile, colts- 
foot, the sunflower, and the daisy, are among the 
plants of this section. 

This large order may be illustrated by many com- 
mon plants. We shall describe a plant in each of the 
divisions. The common dandelion (Leontodon Tarax- 
acum), called so (dent de leon) &om the tooth -like 
margins of its leaves, is a good example of the sub-order 
Cichorace®. In this plant the leaves are radical, and 
have a pinnatifid form, to which the name runcinate 

Pig. 399.— CicAon'wm Intyhis, Chicory plant, with its com- 
pound flowers and large root, which is often roasted and mixed with 
coffee. 
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has been giren, because the edges have dhisioiis like 




Fig. 400. 



Fig. 400. — Runcinate leaves, a, and radical peduncles or multi- 
floral scapes, b c, of Dandelion (Leontodon Taraxacum). In the 
tmezpanded head (capitnlum) of flowers, the row of bracts forming 
the involucre is seen. The expanded head, consists of numer- 
ous ligulate florets, sessile on a flattened receptacle. 
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the teeth of a saw pointing downwards. The stalk 
bearing the head of flowers is hollow, and arises singly 
firom the midst of the radical leaves. The heads 
consist entirely of yellow ligulate flowers, surrounded 
by rows of bracts, the outer row becoming usually 
deflexed as the fruit ripens. The ligulate florets are 
situated on a receptacle, which is at first succulent, but 
afterwards becomes dry and convex in order to scatter 
the fruit. The calyx-limb consists of hairs at the top 
of the ovary. The corolla is ligulate, placed also above 
the ovary, and it encloses 5 stamens, with united 
anthers, forming a tube through which the style 
passes. The firuit is an achene — i.e, a dry seed-vessel 
with a single seed, scattered by means of the pappus, 
which elongates so as to form a sort of parachute 
(fig. 130, p. 98). The achene is suddenly contracted 
above, and forms a slender beak. The plant yields a 
milky juice, and its roots have been used for chicory. 

The common thistle (Garduus lanceolatus) belongs 
to the sub-order Cynarocephala3. The leaves are 
white and cottony below, pinnatifid, and the seg- 
ments end in sharp spines; prolongations from the 
bases of the leaves run down the stem, which is from 
three to four feet high, and has strong spiny wings. 
The heads of flowers terminate the axes, and they are 
either solitary or two or three together. The bracts 
covering the heads of flowers are spiny, and form a 
united egg-shaped involucre (fig. 143, p. 104). The 
florets are tubular, placed above the ovary. The hairs 
constituting the limb of the calyx are above the ovary, 
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and are united into a ring at the base ; they ultimately 
fall off and leave the fruit (achene) clear. 

The common daisy (Bellis perennis) belongs to the 
sub-order Corymbiferse. The leaves of the plant are 
radical — that is, produced from a short stem, and lying 
along the ground ; they are inversely ovate, and like a 
spatula in form, the margin being slightly divided. 
The stalk bearing the head of flowers arises from the 
centre of the radical leaves. The heads of flowers are 
surrounded by two rows of equal floral bracts. The 
florets are placed on a conical receptacle. There are 
two kinds of florets ; the outer white florets (sometimes 
tipped with red) are ligulate, and have pistils only. The 
inner yellow florets are tubular, and have both stamens 
and pistils. The anthers are united round the style. 
There is no pappus. The fruit is compressed. After 
the fruit has fallen, the conical receptacle is well 
seen. 

Order DiPSACACE-ffi, the Scabious and Teazel Family, 
These plants have their flowers in heads (capitula, fig. 139, 
p. 101), and are chiefly distinguished from Compositae 
by the four-membered (tetramerous) symmetry of their 
florets, their distinct (non-coherent) anther^, and by 
the additional covering below the calyx, called an epi- 
calyx. This epicalyx in the teazel is spiny, and is 
used by Fullers in dressing cloth. 

QUESTIONS. 

1. Give the essential characters of the gamopetalous 
section of Calyciflorae. 

2. Give the characters of the order Rubiacese. 
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3. Describe the sub-orders of Rubiace89, and give an 
example of each. 

4. What are the general properties of the order ? 

5. Mention some of the plants of the order, including 
some British genera. 

6. What kind of fruit is met with in coffee i 

7. What part of the coffee is used to furnish a beverage 1 

8. Give the characters of the order Valerianaceee. 

9. Mention a peculiarity in the calyx of Valerian. 

10. Describe the fruit of Valerian. 

11. What are the properties of the order Valerianaceee ? 

1 2. Give the characters of Campanulaceee. 

13. Mention a peculiarity in the mode of opening in 
the capsule of the common harebell. 

14. What kind of juice is met with in Campanulas ? 

15. What plants receive the name of blue-bell ? 

1 6. Give the essential characters of Composito). 

1 7. What is the usual character of the calyx of Com- 
positaj 1 and what is its relation to the ovary ? 

1 8. What kind of fruit occurs in Conipositro i 

1 9. What kinds of corolla are seen in Compositte ? 

20. What is the inflorescence of Composita) ? 

21. Give the characters of the anthers of Composita). 

22. What are the properties of Composita) ? 

23. Give the sub-orders of Compositce, and give an 
example of each. 

24. Give the characters of these sub-orders. 

25. In what sub-order is milky juice met with ? 

26. Describe the parts of the head of the dandelion. 

27. Describe the parts of the head of a thistle. 

28. Describe the parts of the head of the daisy. 

29. What form of receptacle occurs in the daisy ? 

30. Give the essential characters of the order Dipsacacea3. 

31. How do they differ from Compositw ? 

32. Mention some of the plants of the order. 



We now proceed to describe the third sub-class of 
dicotyledonous plants. It may be illustrated by the 
u 
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heath, the gentian, the convolvulus, the horage, the 
potato, the dead-nettle and the figwort orders. The 
characters of some of the orders will be put in contrast, 
so as to shorten the description and point out the 
chief marks of distinction between them. 

Sub-Class III. — Corolliflor^. 

Calyx and corolla present. Corolla gamopetalous, 
hypogynous, usually bearing the stamens. 

We commence with the heaths, in which the stamens 
are usually not attached to the corolla. 

Order Ebioacejs, the Heath Family (figs. 401- 
403). — Calyx 4-5 cleft, persistent. Corolla hypogynous 
(fig. 403), often withering on the stalk. Stamens equal 
in number to the segments of the corolla, or twice as 
many, inserted with the corolla, and either free from it 
or attached to its base ; anthers 2-celled, usually having 
appendages at the base (fig. 403) or apex, dehiscing by 
pores or clefts at the top. Ovary free (fig. 403), many- 
celled j ovules numerous, attached to a central placenta ; 
style 1, stigma 1. Fruit capsular or berried, many- 
celled. Seeds numerous, minute. — Shrubs, undershrubs, 
or herbaceous plants, with evergreen, often rigid, entire, 
verticillate or opposite, exstipulate leaves. The order 
contains many beautiful and showy plants, which 
abound at the Cape of Good Hope, and species of 
which are found also, in Europe, North and South 
America, and Asia. 

The plants of the order are not remarkable for 
medicinal virtues. There are six species of the genus 
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Erica natives of Britain : two of these, Erica cinerea 
and Erica Tetralix, are common ; two are peculiar to Ire- 
land, E, Machaiana and E, mediten-anea ; and two are 




Fig. 401. Fig. 402. Fig. 408. 



common to England and Ireland, E, ciliarU and E, 
vagans. The corollas of these heaths assume pink and 
white colours. Calluna vulgaris is the common heather 
called ling. It has astringent qualities, and has been 
used for dyeing. It is commonly made into brooms. 
The leaves of Arhutua (Arctostaphylos) Uva-ursi, bear- 
Figs. 401-403 illustrate the natural order Ericacese. 
Fig. 401. — Erica cinerea, fine-leaved Heath, showing its entire 
exstipulate leaves and ovate swollen corolla, with a 4-<livided limb. 

Fig. 402. — Diagram of Erica, showing a flower having 4 divi- 
sions of the calyx and corolla, 8 stamens, and a 4-valved capsule. 

Fig. 408. — Vertical section of the flower of Ericay showing calyx, 
corolla, hypog3mous stamens, anthers opening by slits, and having 
appendages below, and ovary with central placenta and numerous 
ovules. 
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berry, are used as an astringent. Some of the species 
of Rhododendron^ Azalea, Kalmia, Andromeda, and 
Ledum, have poisonous narcotic qualities. 

The order may be illustrated by the common heather 
and the bell-flowered heath. The common heather 
(Calluna) differs from the heath (Erica) in the mode 
in which its seed-vessel opens. In Calluna the open- 
ings take place through the partitions (septa), and the 
valves separate from the septa. In^ Erica the openings 
take place at the back of the cells of the capsule, between 
the septa which remain attached to the centre of the 
valves. The common bell-heath (Erica Tetralix), called 
also cross-leaved heath, is shrubby ; its narrow leaves 
are arranged in whorls of four ; they are fringed with 
hairs, and are downy above, their edges being turned 
back. The flowers are arranged in an umbel-like form. 
Calyx divided deeply into 4. Corcdla bell-shaped. Sta- 
mens 8, with spurred anthers. Seed-vessel 4-celled. 
Ovary hairy. The fine-leaved heath (fig. 401) is called 
Erica cinerea, and it differs from the cross-leaved heath 
in having ternate smooth leaves, racemose flowers, and 
a smooth ovary. 

Order EPAORiDAOEis, the Epacris Family. — The 
Epacris is called Australian heath. It differs from 
the true Erica in having 6 in place of 4 divisions of its 
corolla, and in having 1 -celled in place of 2-celled 
anthers. 

Order VACCiNiACEiE, the Blaeberry and Cranberry 
Family. This order differs from the heath family in 
having the whorls of the flower epigynous — that is, 
-situated above the ovary. 
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To show the relations of some corollifloral orders, we 
shall now take four to illustrate the group with regular 
flowers, and two to illustrate the group with irregular 
flowers. 

1. Group of Corollifloral Planis wHU Regvlar 
Flowers. 



Order Gentianaceje, the Gentian Family (figs. 404- 
406). — Herbs, rarely shrubs, with opposite, entire, 




Fig. 400. Fig. 405. 



Fig. 404. — Diagram of the flower of Gentian, showing five parts 
of the calyx, five imbricate divisions of the corolla, five stamens, 
and a bicarpellary ovarj', with numerous ovules. 

Fig. 405. — Vertical section of the fiower of Gentianella (Oen- 
liana acaulis), showing divided calyx, induplicate corolla, epicor- 
olline stamens, bicarpellary ovary, one-celled, with numerous ovules 
attached to parietal placentas. 

Fig. 406. — Capsule of Gentian, showing the two carpels with 
parietal placentas and ovules. The carpels are placed to the right 
and left of the axis. 
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exstipnkte, luaallj ribbed leares, and showy 
▼ariaasl j-eolonred f^en, Caljx diTided, penisteni. 
Corr/Ua penixteni, imbricate, indaplicaie, often twisted 
in a^tiyaiion, aometiines with a fringed limbi Sta- 
mens alternate with the corolline segments. Oraiy 
of 2 carpels, placed to the right and left of the 
axis, one^lled, with 2 parietal, often intioflexed, 
placentas (fig, i06) ; style 1 ; stigmas 2. Fruit a 
capsule or berry. Seeds nnmerons, with fleshy albomen 
and a minute embiyo, Natires of almost all parts of 
the world Some are found at great eleyations, others 
in hot tropical plains. The plants are bitter, and 
are used as tonics. Gentian-root, procured from the 
yellow gentian of the Alps (Gentiana lutea) is used in 
medicine. Bed gentians are confined nearly to the 
Andes and Kew Zealand ; blue-flowered species reach 
to 16,000 feet on the Himalayas. 

Order Ck)5yoLYULACEjE, the Conyolvulus or Bind- 
weed Family (figs. 407 to 409). Herbs or shrubs, 
usually twining (fig. 409) and milky, with alternate, 
exstipulate leaves and regular flowers (fig. 408), haying 
a unifloral or multifloral cymose inflorescence. Calyx 
5-divided, imbricated, persistent. CJoroUa plaited. 
Stauiens 5, alternate with the corolline lobes. Ovary 
free, 2-4-celled; ovules 1-2 in each cell, erect; styles 
united, often divided at the apex. Capsule 2-4-celled, 
sometimes by absorption 1-celled, septifragaL (See for- 
mula for Convolvulus, page 204, line 19.) Seeds large, 
with mucilaginous albumen ; embryo curved (fig. 409), 
with crumpled cotyledons. Chiefly natives of the tropics. 
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The order is characterised by purgative properties, 
audit coutaius some important medicinal plants, such 




Fig. 409. 



as jalap and scammony. C. Batatas {Batatas edidis) 
has a saccharine root or underground stem which is 
called Sweet Potato. 

The Dodders (Otiscufa, fig. 34, p. 21) are leafless 
parasitic twining herbs, generally reckoned a sub-order 
of Convolvulacese. 

Fig. 407. — Diagram of the flower of Great Bindweed (Convohmltis 
sepium)f showing two bracts, five divisions of the calyx, five lohes of 
the plaited campanulate corolla, five stamens, and a two-celled ovary 
with two ovules in each cell. 

Fig. 408. — The Scammony plant {Convolvulus Scammonia), found 
in Greece and the Levant. The concrete milky juice of the large 
root constitutes Scammony, which is imported from Smyrna. 

Fig. 409. — Seed of Convolvulus sepium cut vertically, showing 
the curved embryo and plaited cotyledons, with the mucilaginous 
albumen. 



296 COROLLIFLORAL DICOTYLEDONS. 



Order Boraginacele, the Borage Family (figs. 410- 
412). — In this order we have plants with a gamosepal- 
ous calyx, usually having 5 divisions, a regular 6-cleft 




Fig. 410. Fig. 411. Fig. 412. 



corolla, 5 stamens attached to the corolla (fig. 411), and 
a 4-lobed ovary, which, when ripe, becomes 4 achenes 
(mericarps, fig. 410). This division of the ovary into 
four is peculiar, and, along with scorpioidal inflorescence 
(fig. 146, p. 106) and rough foliage, forms a distinguish- 
ing character of the order. It may be illustrated by 
the comfrey {Symphytum tuberosum), common on river- 
banks, and the forget-me-not (Myosotis, fig. 146, p. 106). 

Figs. 410-412. — Organs of frnctification of Anchusa iUUica (a 
kind of alkanet), to illustrate the natural order Boraginaceai. 

Fig. 410. — Diagram of the flower, with five imbricated divisions 
of the calyx, five imbricated segments of the corolla, five st<amens, 
and a 4-lobed ovary. 

Fig. 411. — ^Vertical section of the flower, c, Haiiy calyx, p p, 
(Corolla, e, Stamens inserted into the c6rolla. a a, Staminal ap- 
pendages or corolline scales, o, 4-lobed ovary, two of its divisions 
cut through vertically. «, Basilar style. 

fig. 412. — One of the carpels (mericarps) cut vertically, j?. 
Pericarp separable from the seed, Spermoderm, or integuments 
of the seed, e. Embryo, with plano-convex cot3iedons. 
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One of the best plants for showing the four achenes 
forming the fruit is the common hounds-tongue {Cyno- 
glo88um officijialp), which is abundant on many of our 
sandy shores amongst bent. Formula for Boraginacea? 



Order Solanace^., the Potato Family, is another 
regular-flowered corollifloral order (figs. 413 to 418). 




Fig. 413. Pig. 414. Fig. 416. 



Five-membered symmetry is visible in the gamosepalous 
calyx, the gamopetalous corolla, and the stamens, the 

Figs. 413-418. — Organs of fructification of Solanum tuberosum 
(the Potato), to illu.strate tiie natural order Solanaceao, sub-order 
Bolanew. 

Fig. 418. — Diagram of the flower, with five divisions of the 
calyx, Ave plaited segments of the corolla, five stamens, and a 2- 
celletl ovary with numerous ovules, a, Axis. 

Fig. 414. — Vertical section of the flower, c, Calyx, pp, Lower 
part of the corolla, e. Stamens, with porous dehiscence of the 
anthers, o, Ovary. «, Style and stigma. 

Fig. 416. — Fruit, a beny, not adherent to the calyx. 

Fig. 416. — Horizontal section of the two-celled fruit, showing 
the seeds and placenta. 
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anthers of which often open by pores (figs. 413 and 414). 
The ovary consists of 2 carpels, and the fruit is a 2-celled 
capsule or berry, with numerous seeds (figs. 415, 416). 
The embryo is often curved (fig. 418). The character 
of the fruit distinguiBhes this family from the Boragi- 
nacece. There are two sub-orders in the family : 1. 
Solanece, — including the potato, tomato, and capsicum ; 
2. Atropece, — comprehending such poisonous narcotic 
plants as belladonna, henbane, stramonium, and tobacco. 




Fig. 417. Fig. 418. Fig. 419. 



In the sub-order Solaneae, the aestivation, of the co- 
rolla is valvate or induplicate (fig. 413). In the sub- 
order Atropese, the aestivation of the corolline lobes is 
imbricate. In fig. 419 there is a diagram of the flower 
of Atropeae showing the row of petals overlapping each 
other (imbricate). 

The capsular fruit of the henbane (one of the Atro- 
peae) opens by a lid (fig. 226, p. 158). The fruit of 

Fig. 417.— The seed of the Potato. 

Fig. 418. — ^Vertical section of the seed. Integument (sper- 
moderm) of the seed, Fleshy albumen (perisperm). e, Embryo, 
which is curved. 

Fig. 419. — Diagram of the flower of Nicotiana Tabacum 
(Tobacco), showing five divisions of the calyx, five Imbricate 
corolline lobes, five stamens alternating with these lobes, and a 
two-celled (dimerous) ovary. 
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belladonna is a brownish-black shining two-colled berry. 
Formula for Solanaceae — S5 Stg Cg. 

2. Group of Corollifloral Plants with Irregular Flowers, 

The plants in this group also are distinguished from 
each other by the character of their fruit. 

Order Labiate, the Dead-nettle Family (figs. 420- 
424). In this order the calyx and corolla arc irregular 
(figs. IGl, p. 119; and 154, p. Ill); the latter being 



two-lipped, — the upper lip formed by two united i)etals, 
the lower lip by three (figs. 421, 422). There is a 
want of symmetry as regards the stamens, which are 

Figs. 420-424. — Organs of fructification of Lamium album, wliite 
dead-nettle, to illustrate the natural order Labiatoe. 

Fig. 420. — Diagram of the flower, with the pentamerous calyx ; 
pentainerous corolla, having two lips, the upi)er lip being formed of 
two united petals, the lower of three ; four stamens, in consequence 
of one being undeveloped, and four divisions of the ovary. 

Fig. 421. — Entire flower viewed laterally, c. Five-cleft calyx. 
t, Tube of the corolla. Is, U])per lip of two petals, li. Lower lip 
of three, s. Style. 




Fig. 420. 



Fig. 421. 
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usually four, didynamous (figs. 420, 421) and sometimes 
two. The ovary is four-lobed, and, when mature, it 
forms a fruit consisting of four achenes (figs. 423, 424). 
The plants of the order have square stems, opposite 
leaves, and their flowers are in shortened cymes called 
verticillasters. Their properties are fragrant and aro- 




Fig. 422. Fig. 423. Fig. 424. 



matic. The order is well illustrated in the white dead- 
nettle {Lamium album), which is common on hedge- 
banks. To this order belong mint, lavender, rosemary, 
hyssop, thyme, sage, and marjoram. 

Order SoROPHULARiAOEiE, the Figwort Family (figs. 
425-429). In this family there is an irregular calyx 
and corolla, usually divided into five parts (sometimes 

Fig. 422. — The flower cut vertically, c, Calyx, jp, Corolla, c, 
Didynamous stamens. 5, Style with bifid stigma, o, Ovary. 

Fig. 423. — Fruit cut vertically, showing the achenes, two of 
which have been removed, c, Persistent calyx, g, Fleshy disk or 
gland, r, Keceptacle, bearing the style, «, which is basilar — i,e, 
arises from the lower part of the alchenes. o. Two achenes. 

Fig. 424. — Achene cut vertically, Pericarp, t. Integument 
of the seed, e, Embryo. 



ORDER SCROPHULARIACEiE. 301 




Fig. 427. Fig. 4-J8. Fig. 42U. 



Fig8. 425-429 illustrate the natural order ScrophnlariacesB. 

Fig. 426. — Diagram of the flower of Antirrhinum majus, fh)g8- 
mouth, showing a single bract below, five divisions of the irregular 
calyx, five segments of the irregular personate corolla, four perfect 
stamens, and a rudiment of a fifth above the ovary, a two-celled 
ovary composed of two carpels placed posteriorly and anteriorly as 
regards the axis. 

Fig. 426. — Irregular personate flower of Antirrhinum majus, 
frogsmouth. 

Fig. 427. — Vertical section of flower of frogsmouth, showing 
four didynamous stamens attached to the corolla. 

Pig. 428. — Irregular-lipped flower of Scrophularia, figwort, with 
a transverse staminodium or abortive flfth stamen. 

Fig. 429. — ^Two carpels, forming the fruit of Scrophularia, flg- 
wort. The carpels are placed anteriorly and posteriorly as regards 
the axis, i.e. one above and the other below. 
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four). The corolla is lipped or it is personate (figs. 428, 
426). Stamens are 4, didynamous (fig. 427), or 2 (fig. 
153, p. 111). The fruit is a 2-celled capsule formed by 
two carpels united (fig. 429). The order differs from the 
Labiatae in having a capsular fruit in place of achenes, and 
in having no aromatic qualities. It may be illustrated 
by the common knotted figwort (Scrqphularia nodosa), 
(fig. 428), foxglove (Digitalis purpurea) (fig. 180, p. 
134), calceolaria, frogsmouth (figs. 426, 427), snap- 
dragon, and veronica (fig. 153, p. 111). 

QUESTIONa 

1. Define the sub-class CorollifloraB. 

2. Give the essential characters of Ericaceae. 

3. What is the usual form oi the corolla in the heath ? 

4. Mention two peculiarities in the stamen of the 
heath. 

5. In what part of the world are heaths most 
abundant ? 

6. How many kinds of heath are found in Great 
Britain? 

7. How does the blaeberry differ from the heath ? To 
what order is it referred ? 

8. How does the genus Epacris differ from the genus 
Erica 1 To what order is it referred ? 

9. In what part of the world are the species of Epacris 
found ? 

10. Give the essential characters of Gentianacese. 

1 1. What are the properties of Gentianacese ? 

1 2. What plant yields the Gentian root of the shops ? 

1 3. What is the usual colour of Gentians ? 

14. Where are red species of the genus found ? 

* 15. Give the essential character of the order Convol- 
vulacese. 

16. What are the habits of Convolvulacese ? 

1 7. Mention some important species of the order. 



MONOCHLAMYDEOUS DICOTYLEDONS. 



303 



1 8. What? kind of a plant is the Dodder ? To what 
order is it referred ? 

19. Give the characters of the Boraginaceoe. 

.20. What kind of fruit is found in the plants belonging 
to that order ? 

21. What is the nature of their inflorescence ? 

22. Give the characters of Solanacese. 

23. Distinguish the sub-order Solaneae from the sub- 
order Atropese. 

24. What kinds of fruit are found in Solanacese ? Give 
examples. 

25. Give the essential characters of Labiatse. 

26. What kind of stamens are found in Labiatae ? 

27. What kind of fruit occurs in that order ? 

28. What kind of inflorescence do Labiatse exhibit ? 

29. Give the character of their stems and their leaf- 
arrangement. 

30. What are the properties of Labiatse ? 

31. Give the essential characters of Scrophulariaceae. 

32. What is the character of their stamens ? 

33. What is the nature of their fruit ? 

The fourth sub-class of Dicotyledons will now be 
shortly considered. 

Sub-Class IV. — MoxocHLAMYDEiE. 

Corolla wanting ; a calyx, or what is called a single 
perianth, present ; flowers sometimes Achlamydeous — 
that is, having neither calyx nor corolla. 

Section 1. ANGiosPERMis. — Monochlamydeous or 
Achlamydeous plants, having their seeds contained in 
an ovary, and fertilized by the action of the pollen on 
a stigma. Under this division are included such 
plants as the goosefoots, the docks, the nettles, and the 
catkin-bearing trees. 
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Order CHENOPODiAOEiE, the Goosefoot Family (fig. 
430). — Herbs or undershrubs, with exstipulate, alternate, 
and occasionally opposite leaves, and small herbaceous, 
often staminate and pistillate flowers. Perianth divided 
deeply (fig. 430), sometimes tubular at the base, per- 
sistent. Stamens inserted into the base of the perianth, 
and opposite to its divisions. Ovary free, 1 -celled, with 
a single ovule attached to its base. Fruit a utricle 
or achene, sometimes succulent. Embryo coiled round 
mealy albumen, or spiral without albumen. Incon- 



Fig. 430. 

spicuous plants, found in waste places in various parts 
of the world, chiefly in extra-tropical regions. Many 
of the plants of this order are used as potherbs, for 
instance, Spinage, Garden Orach, and Beet. Soda is 
supplied by some of the species of Salicornia and Sal- 
sola growing on the sea-shore. Common Beet (Beta 
vulgaris) is cultivated largely in France for the sake of 
the sugar procured from its roots. Mjarigold wurzel 
{Beta vulgaris, var. campestris) is used as food for 

Fig. 430. — Flower of Chenopodium, Goosefoot, showing the 
perianth, consisting of five parts united at the base, five stamens 
opposite the segments of the perianth, ovary single, superior, with 
two styles. 
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cattle. Chenopodium Quinoa is a Poruviau plant, the 
seeds of ^yhich are used as food. 

Order Polygonaoeje, the Knot-grass Family, in- 
cludes buckwheat, docks, and rhubarb. All the plants 
have a calyx and no corolla, a more or less triangular 
fruit (achene), containing a single erect seed (figs. 431- 




Fig. 432. Fig. 4:13. 



4 3 3). Buckwheat {Fagopyrum osmlentmi) is extensively 
cultivated as a kind of grain in many northern countries. 

Figs. 431-433. — Organs of roproduction of Fagopyrum esculen- 
tiim^ i)uckwlient, to illustrate the natural order Polygonacene. 

Fig. 431. — Vertical section of the flower, c c, Perianth (calyx). 
e e, Outer stamens, which are introrse. ei, Inner stamens, which 
are extrorse. a, Glandular appendages, o, Ovary, with its erect 
ovule, g, 5, Styles and stigmas. 

Fig. 432. — Diagram of the flower, showing Ave divisions of the 
imbricate perianth ; introrse and extrorse stamens in two rows, 
with glands, and triangular unilocular ovary. 

Fig. 433. — Seed cut vertically, showing the embryo with its 
superior radicle, curved at one side of mealy albumen. 

X 
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:L«; enbrr-^ ^ ^ c;irT€d f*3an at one side^ as 

Mo r. < h Lan: 7- irn j iis groap (tg*. 43 4-437>. The gta™>m 




Fi^jH. 434-437.— Oiganis of fructification of Uriiea urau (small 
nettle;, to illustrate the natural order Urticaceae. 

Fig. 434.— Staminate flower expanded, e. Perianth with fonr 
diviffionA. e e e e, Fonr hypogynous stamens, thrown bade by the 
elasticity of the filaments, with the anthers burst, pr. Abortive' 
mdiment of the central pistiL 

Fig. 435.— Pistillate flower, c. Perianth with four unequal seg- 
ments, the two exterior ones being very small, o, Um'locular ovary. 
#, Hessile stigma. 

Fig. 430. — Pistil cut vertically, to show the direction of the 
erect ovule, o, Parietes of the ovary. *, Stigma. 

Fig. 437.— Seed cut vertically, t. Integument h, HQum or 
base, p, Albumen, e, Embryo. 
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are in one flower (fig. 434) and the pistil in another 
flower (fig. 435). There are usually four divisions 
of the calyx (figs. 434 j 157, p. 113), and the sta- 
mens have frequently elastic filaments (figs. 434 ; 
155, p. 113). The fruit is an achene (fig. 436), and 
contains an erect seed with, an inverted embryo (fig. 
437). Some of the plants have stinging hairs (fig. 80, 
p. 54). One of our native nettles {Urtica urens) is 
monoecious, while another (Urtica dioica) is dioecious. 

Order AMENTiFER-ffi, the Catkin-bearing Family, in- 
cludes the willow, poplar, oak, hazel, chestnut, birch, 
beech, etc. They have staminate flowers arranged in cat- 
kins, each flower being covered by a scale (figs. 189, p. 
137 ; 190, p. 138). They differ in the character of the 
ruit. The willows (fig. 191, p. 138) and poplars have 
a 1 -celled fruit opening by 2 valves and containing 
many hairy seeds, covered by a scale or bract. The 
hazel, oak, chestnut, and beech, have a dry 1 -seeded 
fruit or nut (figs. 21 5, 216, p. 15), covered by scales. 

Other monochlamydeous dicotyledons have their 
seeds naked — that is, not contained in a seed-vessel, and 
are included under 

Section 2. Gymnosperm^. — Monochlamydeous or 
Achlamydeous trees, with an Exogenous structure as 
regards their stems and organs of vegetation, but dif- 
fering from other Exogens in having naked ovules, 
which are fertilized by the direct application of the 
pollen to the . foramen, without the intervention of 
stigma, style, and ovary. 
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Order Conifers, Cone-bearing Family. — In this 
order are included such plants as fir, spruce, and 
cedar (fig. 52, p. 31 ; fig. 56, p. 35). They have flowers 
with stamens only, and others with pistils only. Their 
seeds, although naked, are covered by hard scales, and 
collected in cones (fig. 220, p. 155) ; and are sometimes 
winged (fig. 237, p. 165). In the genus Pinus, in- 
cluding the Scotch fir, the stone-pine, the Austrian pine, 
the Weymouth pine, etc., the leaves are in twos, threes, 
fours, fives, and sixes, arising from shortened branches. 
In the Norway spruce (Abies) the leaves arise singly from 
the branches. In the larch (Larix) the leaves during the 
first year arise singly from the young branches, while 
in the second and future years they appear in clusters 
on short abortive branches called spurs, and fall off at 
the end of the season ; in the cedar (Oedrus) they are 
also in clusters, but they are permanent (evergreen). 
The woody tissue of Conifers is marked by the presence 
of discs (bordered pits, figs. 49-51, p. 30). 

QUESTIONS. 

1. Define the sub-class Monochlamydess. 

2. What is meant by Achlamydeous plants ? 

3. Give the characters of the order Chenopodiacese. 

4. Mention some of the plants of the order. 

5. What are the properties of the order ? 

6. What plants are included in the Polygonaceae ? 

7- What are the usual characters of their fruit and seed ? 

8. What is the usual position of their embryo ? 

9. Give some of the characters of Urticacese. 

10. Mention some plants belonging to the order. 

11. What kind of stamens are found in the nettle ? 

12. What kind of fruit has the nettle ? 
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13. Give the characters of Amentifera). Example. 

14. Give the general character of a catkin (amentum). 
1 6. What kind of fruit and seed is seen in the willow ? 

1 6. Describe the fruit of the hazel. 

1 7. Describe the fruit of the oak. 

18. Mention a peculiarity in the seed of the poplar. 

1 9. What is meant by Gymnospermous plants ? Example. 

20. Wliat is the nature of the fruit in Conifera) ? 

21. What kind of seeds occur in the common firs ? 

22. What is the leaf-arrangement in the genus Pinus ? 

23. How are the leaves of the spruce-fir arranged ? 

24. How are the leaves of the larch arranged ? 

25. What is the difference between the larch and the 
cedar as regards their leaves ? 

26. What is the character of the wood of conifers I How 
can it be detected under the microscope ? 



We now proceed to consider the second great class of 
the vegetable kingdom. 

CLASS II.— MONOCOTYLEDONES, ENDOGEN^. 

In this great class the plants have a cellular and 
vaHcular system, the latter consisting partly of elastic 
spiral vessels (fig. y, p. 5). The stem is sometimes 
herbaceous, as in the banana (fig. 13, p. 7). At times it 
is creeping or subterranean, and assumes the form of a 
rhizome (figs. 37, 38, p. 24), or of a corm (figs. 40 and 
41, p. 25), or of a bulb (fig. 39, p. 25). The woody 
stem (as in palms, figs. 60, 61, p. 39) is usually more 
or less cylindrical, simple, and unbranched. There is 
no true separable bark, no concentric zones, and no true 
pith (fig. 67, p. 37). The wood is endogenous — i,e, in- 
creases by additions, which first tend towards the centrsi 
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and then curve outwards in an interlacing manner (fig. 5 8, 
p. 37) towards the circumference, where much hard lig- 
neous matter is deposited, so as to make the exterior the 
hardest part (fig. 59, p. 38). The development of the 
stem usually takes place by a single central and terminal 
bud ; occasionally lateral buds are produced (fig. 28, 
p. 18), and at times the stem is hollow. The leaves 
are parallel-veined (figs. 13, p. 7 ; 73 and 74, p. 50). 
The parts of the flower are arranged in a ternary man- 
ner (fig. 126, p. 95), and they are often coloured like 
petals, sometimes scaly. The ovules are contained in 
an ovary, and are fertilized by the application of the 
pollen to the stigma. The embryo has one cotyledon, 
and the rootlets pass through sheaths (fig. 243 co, p. 172). 

Sub-Class I. — Petaloide^. 

Flowers having usually a perianth consisting of 
verticillate leaves, which may sometimes be separated 
into calyx and corolla, and are often coloured (petaloid). 

1 . Perianth superior. Ovary inferior. Flowers usually 
perfect — i.e. having both stamens and pistil. 

Order ORCHiDACEiE, the Orchis family (figs. 438- 
440), is one of the most remarkable famihes in this 
division of Monocotyledons. The perianth consists of 
two rows of coloured leaves, three of which are external 
and three internal, alternating (fig. 192, p. 140). In the 
inner row there is usually a marked petal called the lip 
(labellum, fig. 438 I ; 192 Z, p. 140). The stamen and 
pistil are gynandrous — that is, united in one column 
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(fig. 438 as; 192 a, p. 140), and the pollen consists 
of masses attached by glands, surrounded by viscid mat- 
ter which enables them to adhere to any object which 
touches them (fig. 186, p. 136). The seed-vessel has 3 
parietal placentas (fig. 201, p. 146), and the seeds are 
beautifully reticulated (fig. ' 440), the embryo in the 
young state being seen through the transparent covering. 
In the Orchises of Britain the roots have fleshy tuber- 




Pfg. 488. Fig. 439. Pig. 440. 



cules attached to them (figs. 30, 31, p. 1 9). In orchideous 
plants of warm countries there are thickened stems 
called false-bulbs (fig. 32, p. 20). Many of the latter 
plants are epiphytic (p. 20). 

This order is easily illustrated by the common Or- 
chises of the woods and marshes. The viscidity of the 
pollen-masses is observed by putting the sharpened end 
of a common pencil into the opening in the perianth 

Figs, 438 to 440. — Flower of Spiranthes autumnaXiSf fragrant 
lady's tres.se8, to illustrate the natural order Orchidaceie. 

Fig. 438. — Summit of the flower cut vertically, o, Inferior ovary 
with parietal ovules, g. 1, Labellum or lip. 5, Stigma, a. Anther. 

Fig. 439. — Anther separatetl. Its inner surface shown with its 
two cells. 

-Fig. 440. — A seed separated, with its external reticulated in- 
tegument, t 
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leading down to the spur (fig. 192 e, p. 140), and then 
mthdrawing it By doing so we find that the pollen- 
masses adhere to the pencil and are palled out along 
with it (see remarks at page 141). The upper and 
lower parts of the seed-vessels respectively continue 
adherent, while the capsule opens by splitting into 6 
portions. Vanille consists of the dried seed-vessels of 
an Orchid. For Formulae of Orchis and Cypripedium, 
see page 203. 

There are two other families in this section of Mono- 
cotyledons, which may be put in contrast — ^the Iris and 
Amaryllis order. 

Order Ibid ACEJS, the Iris Family (figs. 441, 442). — 
In this order the perianth consists of 6 coloured divi- 
sions in two rows (fig. 441), the three parts of the 
outer row being deflexed in the Iris (fig. 442) ; and 
three stamens, which open on the outside (extrorsely), 
are placed behind three petaloid divisions of the 
style (fig. 442 g g). The firuit is inferior (below the 
perianth, fig. 442 6), and constitutes a 3-celled capsule, 
opening by 3 valves, the slits being at the backs of 
the cells (loculicidal). The plants have rhizomes, as 
in the case of orris-root (the creeping stem of the 
Florentine Iris), or they have corms, as in the crocus 
(fig. 40, p. 25). Saflfron, an orange dye, consists of the 
upper part of the styles of Crocus sativiis. 

Order Amaryllidace^, the Amaryllis Family.— 
This order differs from the last chiefly in its 6 stamens, 
with anthers opening on the inner side (introrsely). 
It is illustrated by the common snowdrop, the snow- 
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flake (fig. 126, p. 95), the narcissus (fig. 127, p. 96). 
llie plants have usually scaly bulbs under ground 



ci 




Fig. 442. 



We now proceed to another section of petaloid 
monocotyledons, where the ovary is differently placed — 



2. Perianth inferior. Ovary superior, Flowers usually 
2)nrfect — Le. having both stamens and pistil. 

Under this section we may contrast two orders — 

FigH. 441, 442. — Orgniw of fi-uctillcntiou of Iris germanicaf the 
(;oii]iiion ganlon IriH, to illustrate the natural order Iridaceu). 

Fig. 441. — Diagram of the Jlower, showing six divisions of the 
purlttiith in two whorls, tliree cxtrorse stamens, and a 8-cellcd cap- 
sule with numerous ovules, a, Position of the axis of Inflorescence. 

Fig. 442. — Vertical section of the flower. c«, Outer divisions of 
the coloured perianth, ct, Inner divisions of the jierianth. Tube 
of tlie ])erianth aliove the part which is adherent to the ovary. 
Of Inferior 8-celled ovary. ^, Nunierf lus ovules, e Htamens. s s, 
Petaloid portion of the style with the stigmas. 
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the lily family and the meadow-saflFron family. Boshes 
and Palms also belong to this section. 

Order Liliacejj, the lily Family (figs. 443 to 446). — 
In this order there is a perianth of six divisions in two 
rows (fig. 443) ; the stamens are usually six, and have 
anthers opening on the inside (introrse) (figs. 444, 445). 




Pig. 443. Pig. 444. Fig. 445. 



The fruit is three-celled (fig. 199, p. 144), and the seeds 
numerous. Many of the plants have bulbs (fig. 39, p. 25), 
others have rhizomes (fig. 37, p. 24), while some assume 
a tree-form, as Draccena, the dragon-tree (fig. 446). 
The order is illustrated by lilies, leeks, onions, squill, 
hyacinth, fritillary, tulip, tuberose, and dog-tooth violet. 
For Formula of Lily, see p. 202. 

Order MELANTHACEiE or Colchicace^, the Meadow- 
saffron Family. This order differs from the lilies chiefly 
in having anthers, opening on the outside (extrorse). 

Figs. 443-445. — Organs of reproduction of SciUa autumnaHs 
(autumnal squill), to illustrate the natural order Liliacere. 

Fig. 443. — Flowers seen from above, ce, Outer v. horl of the 
perianth (calyx), ci. Inner whorl of the perianth (corolla). 

Fig. 444. — Diagram of the flower, showing three outer and 
three inner leaves of the perianth, six alternating stamens in two 
rows, and three carpels of the ovary with the ovules. 

Fig. 445. — Vertical section of the flower, c c, Perianth, c, 
' Stamens introrae. o, Ovary, s. Style and . stigmas, flr, Ovules at- 
tached to a placenta in the axis. 
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It is illustrated by the common meadow-saffron, or 
autumn-flowering crocus. This plant has underground 
corms (fig. 41, p. 25). 

Order JuxcvrE/E, the Rush Family, is allied to 




Fig. 447. Fig. 448. 



these two orders. These plants are often confounded 
by common observers with sedges (carices) and bul- 

Flg. 446. — Dragon-tree {Draccena Draco). 

Fig. 447. — Perianth of Lvaula, one of the Juncacese, with 6 divi- 
sions of its gluraaceous perianth, 6 stamens, pistil with 1 style and 
3 stigmas. 

Fig. 448. — Spadix of Arum maculatum, belonging to natural 
order Aracese, removed from its spathe ; pistillate flowers a, stami- 
nate 6, abortive c, fleshy end of spadix d. 
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rushes. They are at once distinguished by examining 
their flowers, and finding that the perianth consists of 
six divisions arranged in a whorled manner (fig. 447). 
The perianth is dry, greenish or brownish. 

Order PALMiE, the Palm Family, is also placed in 
this section of petaloid Monocotyledons. Their flowers 
resemble those of the lilies. They are small and ar- 
ranged in clusters. Palms are well characterised by 
their stems, leaves, inflorescence, and fruit (tigs. 60, 61, 
p. 39; 73, p. 50; 241, p. 167). 

There is another section (3) of petaloid Monocotyle- 
dons, in which the flowers are incomplete — that is, they 
have staminate and pistillate flowers. Moreover, their 
perianth is imperfect, being sometimes wanting, and at 
other times consisting of a few scales. Such plants as 
the cuckoo-pint {Arum viaculatum) belong to this 
division (fig. 448). It is placed in the natural order 
Araoe^e. 

We now come to the concluding sub-class of Mono- 
cotyledons — 

Sub-Class II. — GLUMiFERiE. 

Flowers glumaceous (glumiferous or glume- bearing) 
consisting of bracts or scales, which are imbricated, and 
not arranged in true verticils. Leaves with parallel 
veins. In this sub-class there are two orders — the 
sedges and the grasses. 

Order CYPERAOEiE, the Sedge Family (figs. 449, 450; 
fig. 12, p. 6). They are grassy plants with solid stems. 
The sheaths of the leaves are not split (as in grasses). 
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The flowers have either stamens and pistils, or stamens 
exist in one flower and pistils in another. The flowers 
are arranged in spikes or heads. Each flower is 
covered hy a hract, and in the case of some pistillate 
flowers there is an additional covering. The stamens 
are usually three, and the fruit is an achene. The 
little emhryo is at the hase of albumen, and is not 




Pig. 449. Fig. 450. 



placed at one side (as in grasses). The character of the 
flower is seen in figs. 449 and 450, the former repre- 
senting a staminato flower with three stamens bearing 
anthers, which are fixed to the filament by their base (not 
versatile as in grasses) ; and the latter representing a 

Fig. 449. — Staminate flower of Carex^ sedge, consisting of a 
scale or glume bearing 3 stamens with long filaments and innate 
anthers. 

Fig. 450. — Pistillate flower of Carex^ consisting of a scale or 
glume, s, bearing a pistil surrounded by a special covering, w, 
through which projects the style, with its three stigmas. 
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pistillate flower with its outer scales, its additional 
covering, with the style passing through it, and dividing 
into three hairy portions hearing stigmas. 

Order Gramine^, the Grass Family (figs. 461-456). 
This is a large order of plants, and is one of the most 
important in the vegetahle kingdom, whether we regard 
it as supplying food for man or herhage for animals. 



/ 




Fig. 401. Fig. 452. 



The flowers occur commonly in spikelets (figs. 451, 
452 ; fig. 1B5, p. 136), which are either arranged in 
a sessile ^panner along a central axis as in wheat, 
or are attached to stalks as in oats. The spikelet 

Fig. 451-456. — Organs of fructification of Avena sativa, com- 
mon cultivated oat, to illustrate the natural order Gramineae. 

Fig. 451. — Spikelet of the oat. a, Axis of inflorescence, ge, 
Exterior or lower glume, giy Inner or upper glume. Xft Inferior 
fertile flower, /a, Two upper abortive flowers. 

Fig. 452. — The same spikelet with the envelopes separated to 
show the iutenial parts, aa, Axis of inflorescence, ge^ Outer 
glume, gif Inner glume, pe, Outer palea of the fertile flower, 
with its awn (arista), pi^ Inner palea, cleft at the apex, and ap- 
I)arently formed by two united, e. Three stamens, o, Pistil, con- 
sisting of the ovary and two styles, fa, Two abortive flpwers. 
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consists of outer scales called glumes (figs. 451, 462, 
453 ge and gi; fig. 185 a a, p. 136). These glumes 
(bracts or empty glumes) usually enclose several flowers 
(fig. 185 h h, p. 136 ; fig. 451 ffaiidfa). Each of these 
flowers is composed of two scales called palese, the 
inner one being called by some a fertile glume (fig. 
452 and jjt). Between the outer and inner paleso 




Fig. 458. Fig. 454. 



are situated three stamens (figs. 452 e, 454 e), which 
are hypogynous, and have anthers attached at one point 
to a slender thread-like filament, easily moved by the 
wind (fig. 185 8, p. 136), and at their base scales (called 
by some perianth), are often placed (fig. 454 p). In the 
centre of the flower is the pistil (454 o), consisting of 
an ovary with 2 styles s 8, which are feathery at the 

Fig. 453. — Diagram of the spikelet of the oat. get Outer glume. 
gif Inner empty glume, jpe. Outer palea (pale) with awu ; the inner 
or fertile palea being oppoHito. e, Stamens, o, Pistil. 1 1, Scales 
or lodiculaj. /j, /«, Barren flowers. 

Fig. 454. — Fertile flower deprived of glumes and palero. c, 
Tliree stamens with versatile cleft anthers, p, Scales {squamto or 
loiliculpc) partially united, o, Ovary ultimately foniiing the grain, 
which consists of pericarp and seed combined. 8 Two styles with 
feathery stigmas. 
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top. The fruit is called a grain (caryopsis), and consists 
of a single seed closely incorporated with the pericarp, 
with the embryo lying at one side (fig 455 e). This em- 
bryo has a single cotyledon (fig. 456 a). A diagram of 
the part of a spikelet is given in the woodcut 453. The 
leaves of grasses sheath the stem, and the sheaths are 
split. At the upper part of the sheath there is usually 




Fig. 455. Pig. 450. 



seen a process called a ligule. One of the best plants 
for illustrating this order is the wheat. Of the com- 
mon native grasses, those most easily examined by 
a beginner are the brome grasses, some of the larger 
fescue-grasses, the lyme-grass {Elymus arenarius), 
and the rye-grass (Lolium perenne). Among the valu- 
able plants of the order may be mentioned the cereal 
grains, wheat, oats, barley, rye, rice, maize, millet, the 
sugar-cane, the bamboo, and the tussac grass. 

Fig. 455. — Vertical section of the caryopsis (fniit or grain), 
with tlie upper portion cut off. 1 1, Integuments of the caryopsis 
and of the seed united, p Perisperm. e, Embryo, r, Radicle. 
c a, Cotyledon. /, Slit corresponding to the plumule. 

Fig. 456. — Embryo separated, r, Radicle, c a, Cotyledon, f. 
Slit corresponding to the plumiile. 
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QUESTIONS. 

1. Give the characters of the class Monocotyledones or 
Eiidogenso. 

2. Give the characters of the sub-class Petaloideaj. 

3. Give the characters of the three sections of Peta- 
loidcDo. 

4. Give the cliaracters of Orchidnceaj. 

5. What is meant by the labellum of orchids ? 

6. Give the fonnula for an orchis. 

7. In what class of the Linnomn system are orchids 
placed. 

8. What is the character of the pollen of orchids ? 

9. How does the capsule of orchids open ? 

10. Give the characters of Iridaceo). 

11. What peculiarity is seen in their style ? 

12. How do their anthers open ? 

13. What forms of stems are met with in the Iris and 
the Crocus ? 

14. Distinguish between Iridaceo) and Aniaryllidacoo). 

15. Give the characters of Liliacetu. Give the formula. 

16. How do the anthers of Liliaceaj open ? 

17. What kind of subterranean stems occur in Liliaceo) ? 

18. Give the distinguishing characters between Liliaceo) 
and Melanthaceo). 

19. Give the essential characters of Juncaceoo. 

20. Give the characters of the sub-class Glumiferaj. 

21. Give the essential characters of Cyperaceaj. 

22. Describe a staminate flower of Carex. 

23. Describe a pistillate flower of Carex. 

24. Give the essential characters of Gramineoo. 

25. What is meant by the glumes of grasses ? 

26. What is meant by the paleoo of grasses ? 

27. Wliat is the diflerence between an empty glume 
and a flowering glume ? 

28. Describe a s])ikelet of a grass. 

29. Describe the leaves of grasses. 

30. What kind of stigmas are fouud in grasses i 

Y 
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31. What kind of anther occure in grasses ? 

32. What is the nature of the fruit of grasses ? 

33. What are lodicuhe of grasses ? 

DIVISION B.— Cryptogamous or Flowerless Plants. 

CLASS III.— ACOTYLEDONES. 
The plants belonging to this Class are in some in- 
stances composed entirely of cellular tissue; in other 
instances both cells and vessels are present. The 
vascular tissue in the higher orders consists partly of 
scalariform vessels (fig. 9, p. 4). Many of them have 
no true stem or leaves. The woody stem, when pre- 
sent, consists of peculiar vascular bundles, which ' in- 
crease in an acrogenous manner (fig. 64, p. 41). The 
stem of tree-ferns (which illustrate this class) is un- 
branched, more or less uniformly cylindrical, hollow in 
the interior, and marked by the scars of the leaves 
(fig. 63, p. 41). Stomata occur in the epidermis of the 
higher orders. Leaves, when present, have frequently 
no true venation, at other times the venation is forked. 
There are no flowers, and no distinct stamens or 
pistils. Reproduction takes place by the union of cells 
of different kinds (antheridia and pistillidia or arche- 
gonia) (figs. 255, 256, p. 181), by means of which 
germinating bodies called spores are formed (fig. 249, 
p. 174). The spore may be considered as a cellular 
embryo, which has no cotyledons, and germinates from 
any part of its surface. 

Sub-Class I. — Acroqen^. 
Acotyledons, having usually distinct stems and 
leaves, stomata, a certain amount of vascular tissue and 
thecud or cases containing spores. 
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Order Filices, the Fern Family (figs. 457-460). Stem, 




Fig. 467. Fig. 460. 



Fig. 457. — Rhizome of Scolqpendrium vulgare, common hart's- 
tongue, with several fronds (leaves), /, /"', f", in different 
degrees of development. In f and f the circinate vernation is 
seen. In the linear transverse sori or clusters of sporangia are 
seen, having the appearance of dark lines on the lower surface of 
the frond. 

Figs. 458-460. — Frond and fructification of Polystichum angulare, 
— angular-leaved shield fern — to illustrate the natural order Filices. 

Fig. 458. — Part of the frond seen on the lower surface. je>. 
Two pinnsB covered with sori, 8, having an indusium. r, Rachis or 
central stalk of the frond. 

Fig. 459. — One of the sori or clusters of sporangia cut verti- 
cally, w. The vein hearing it. i, Indusium or fold of the frond 
covering it. c, Thecae or sporangia (spore-cases). 

Fig. 460. — One of the thecae separated at the period of dehi- 
scence, a, Incomplete annulus, or ring, which is elastic, and 
causes transverse dehiscence of the theca. Stalk of the theca. 
8f Spores discharged. 
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either a rhizome (fig. 457), which creeps along or under 
the surface of the ground, and emits descending roots 
and ascending fronds (leaves), or an acrogenous trunk 
which rises into the air (fig. G2, p. 40). This trunk 
(caudex or stipe) is of nearly uniform diameter, hollow 
inside, marked on the hard outer rind by the scars 
(cicatrices) of the leaves (fig. 63, p. 41), and contains 
vascular bundles of woody, dotted, and scalariform 
vessels, which are arranged in an irregular manner (fig. 
64, p. 41). Sometimes the trunk divides into two, 
(forks). The leaves (fronds) have a crozier-like (circi- 
nate) vernation (fig. 457 /) ; their veins are generally 
of equal thickness, either simple or dividing in a 
forked manner (fig. 458), or somewhat reticulated. 
Eeproductive organs consist of spore-cases (theess, 
sporangia) which arise from the veins on the under 
surface of the fronds (figs. 457 458 s, 459), or from 
their margin. Spore-cases are either stalked, with the 
pedicel passing round them in the form of an elastic 
ring (fig. 460), or sessile and destitute of a ring. They 
sometimes arise from the surface of the frond, while at 
other times they spring from below, having a cuticular 
covering in the form of an indusium or involucre (figs. 
458 ; 250, p. 179). The clusters of thecsB are called sori 
(fig. 459). The margin of the frond sometimes is 
folded so as to cover the thecsB, and at times the -frond 
is, as in the royal fern (fig. 252, p. 180), partially con- 
verted into clusters of thecss. For further particulars 
in regard to ferns, see pages 178-181. 

Ferns abound in moist insular climates. They 
characterise the New Zealand Flora. They are elegant 
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frond-bearing plants, occurring largely in the tropical 
islands, and in mild climates. They sometimes occur 
in the form of large tree-ferns, fifty to sixty feet high 
(fig. 62, p. 4:0), which give a peculiar feature to the 
landscape. 

The generic characters of Ferns are founded on the 
position and direction of the sori, their covered or un- 
covered condition, as well as on the venation. 

For remarks in regard to plants belonging to the 
order Musoi, the Moss Family, another acrogenous 
order, see pages 181 and 182. 

Sub-Class II. — ^Thallogbn^ or Cbllulares. 

Acotyledons composed entirely of cellular tissue, 
having no distinct axis, no true leaves, and no stomata ; 
propagated by means of spores, which are often enclosed 
in tubes called asci. 

Under this division are included Lichens, Fungi (the 
mushroom order), and Algae (Hydrophyta), or crypto- 
gamic plants found in fresh and in sea water. 

For remarks on the character of these orders, see 
pages 183 to 191. 

QUESTIONS. 

1. Give the general characters of Cryptogamous 
plants. 

2. What is the nature of their embryo ? 

3. What is the character of their stems ? 

4. Describe the sub-class Acrogense. 

5. Give the characters of the order Filices. 

6. How do the stems of Tree-ferns divide ? 

7. What height do Tree-ferns attain ? 
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8. What is meant by the frond of a fem ? 

9. What kind of sporangia occurs in fems ? 

10. What is meant by the theca of a fem ? 

11. What is meant by the indusium or involucre of 
fems ? 

1 2. What kind of vernation occurs in fems ? 

13. What kind of vascular tissue occurs in fems ? 

14. How are the spores of ferns scattered ? 

15. What is meant by the sori of fems ? 

16. In what climates do fems abound ? 

1 7. Describe the sub-class Thallogenae or Cellulares. 

18. Mention some plants in this sub-class. 

We have now given a description of the structure 
or anatomy of plants, of the forms and arrangement of 
their various organs — roots, stems, leaves, flowers, 
fruit, seed, and embryo— along with their functions and 
uses. We have also explained the systems of artifi- 
cial and natural classification, illustrating the latter in 
a special manner by means of several natural orders. 

No step can be taken in classification, or in what is 
called systematic botany, unless the pupil has become 
fully acquainted with the facts contained in Part I. 
It is vain to attempt to understand classes, orders, 
genera, and species, without a thorough knowledge of 
the organs concerned in classification. When a student 
takes an unknown flowering plant into his hand, and 
wishes to make out its place in a system, and to know 
its relation and affinities, he looks first at the stem or 
branch, leaves, and fiowers ; and by the structure, vena- 
tion, and symmetry of these organs, he can at once refer 
it to its great class in the natural system. Then, by 
an examination of the position of the stamens, and of 
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the perianth, by the presence or absence of the 
corolla, and by its character when present, he can find 
the sub-class and the section to which the specimen 
belongs. The next step is to determine the order. 
This requires a fuller examination of all the reproduc- 
tive organs, from the calyx to the embryo. Assistance 
in ascertaining the order is provided by analytical 
tables, such as those given in my Glass Book of Botany 
(pp. 791, 842, 871, etc.), or in the British floras of 
Babington, Hooker, and Bontham. The order having 
been ascertained, the genus is next to be determined. As 
British plants should be studied in the first instance, the 
student may have recourse to the floras just mentioned, 
and in these he will find the characters detailed so as to 
lead to the determination of the genus and species. The 
description, however, of plants cannot be comprehended 
unless the student has a sound foundation of vegetable 
anatomy, or, as it is called, vegetable organography. 

Certain terms are used in the descriptions of 
plants, and, without a complete understanding of these, 
it is vain to attempt to follow the characters laid 
down in botanical works. Strict definitions are re- 
quired in botany as in all the other natural sciences, and 
accuracy of description is absolutely necessary. Hence 
the value of this science in training the mind to observe 
and discriminate correctly. In studying terms, how- 
ever irksome it may appear, the student is not losing 
time. He is acquiring correct ideas as to the structure, 
forms, arrangements, and development of the various 
parts of plants ; and the lesson which he thus learns 
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will be of great service to him in after-life. Personal ex- 
amination of plants in the garden and in the fields is 
absolutely essential to the student of botany. Thus, 
his studies, while they train his mental powers, also 
invigorate his bodily frame, and lead him to take an 
intelligent and comprehensive view of the plants with 
which God has clothed the globe, from the minute 
lichen or moss up to the stately trees of the forest. 
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OB 

EXPLANATION OF SOME BOTANICAL TERMS. 

Note,— For a full Glossary of Terms, see Balfour's Botanist* a 
Oompanion, 2d Edit. 1875. 



A, aiphat privative of the Greek, 
placed before a Greek or Latin 
word, indicates the absence of the 
organ ; thus, a^hyllus, leafless ; 
acaulis, stemlcss. 

Abnormal, deviating from regularity 
or from the usual form or structure. 

AiioRTiVB, apart suppressed, depend- 
ing on non-development. 

AccuMBBNT, applied to the embryo of 
Crucifera, wncn the cotyledons nave 
their edges applied to the folded 
radicle. 

AcHRNB or AcH^NiUM, a monosper- 
mal ( single-seeded } seed-vessel 
which does not open, but the peri- 
carp of which is separable from the 
seed. 

AcKLAMYDEOUS, having no floral en- 
velope. 

AcicuLAR, like a needle in form. 
AcoTYLEDONOUS, having no cotyle- 
dons. 

AcROGBN and Acrogbnous, increas- 
ing at the summit ; applied to the 
stems of ferns, which have a vascu- 
lar cylinder penetrated by bundles 
of vessels (scalariform) belonjg^ing to 
the fronds ; and stems marked by 
the scars of the leaves. 

AcROS, in composition acro^ the 
summit. 

AcuLRUs, a prickle, a process of the 
bark (not of the wood), as in the 
Rose. 

Acuminate, drawn out into a long 



point, but with the sides slightly 
nollowed. 

Acute, terminating gradually in a 
sharp point. 

Adklphous or Adrlphia. in com- 
position, means union of the fila- 
ments of the stamens. 

Adiirkbnt, united, adhesion of parts 
that are normally separate, as when 
the calyx is united to the ovary 

Adnatb, when an organ is united 
to another throughout its whole 
length, as the stipides in Rose, and 
the filament and anther in Ranun- 
culus. 

Adventitious, organs produced in 

abnormal positions, as roots arising 

from aerial stems. 
iEsTivATioN, the arrangement of the 

parts of the flower in the flower-bud. 
Affinity, relation in all essential 

organs. 

Ala, a wing, applied to the lateral 
petals of a papilionaceous flower, 
and to membranous appendages of 
the fruit, as in the elm, or of the 
seed, as in pines. 

Albumen, tne nutritious matter 
stored up with the embryo, called 
also Peruperm and Endosperm. 

Alburnum, the outer young wood of 
a Dicotyledonous stem. 

Alternate, arranged at diflferent 
heights on the same axis, as when 
each leaf is separated by intemodes 
from those next to it ; or opposite 
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to the spaces between the parts in 
the next whorl, as in flowers. 

Amentum, a catkin or deciduous sta- 
minate spike ; plants having cat- 
kins are A mentiferous. 

Ami'LEXicaul, embracing the stem 
over a large part of its circumference. 

Anastomosis, union of vessels, form- 
ing a kind of network ; union of 
the final ramifications of a leaf. 

Anatropal or Anatrofous, an in- 
verted ovule, the hilum and mi- 
cropyle being near each other, and 
the chalaza at the opposite end. 

Andrcecium, the staminal whorl of 
the flower. 

Anrmophilous, applied to flowers in 
which pollination is eflectcd by the 
wind. 

Aner, stamen, in composition, An- 
dro, Aridrous, and Andria. 

Angiospermous, having seeds con- 
tained in a seed-vessel. 

Annual, applied to plants which 
spring from seed, flower, and die 
in the same year. 

Annulus, a ring, applied to the elas- 
tic rim surrounding the sporangia 
of some Ferns; also to a cellular 
rim'on the stalk of the Mushroom, 
being the remains of the veil. 

Anterior, same as inferior^ when 
applied to the parts of the flower 
in their relation to the axis ; next 
the bract or in front 

Anther, the part of the stamen con- 
taining pollen. 

Antheridium, staminal organ in 
Cryptogamic plants, frequently 
containing moving antherozoids. 

Anthotaxis, the arrangement of the 
flowers on the axes. 

Apetalous, without petals, in other 
words, monochlamydeous. 

Apex, the end farthest from the 
point of attachment. 

Apocarpous, ovary and fruit 'com- 
posed of numerous distinct carpels. 

Apothecium, the rounded shield-like 
fructification of Lichens. 

Akchegonium, the young pistilline 
cellular organ in Cryptogamic 
plants. 

Aril and Arillode, an extra cover- 
ing of the seed, as in the Passion- 
flower and Mace. 

Arista, an awn, a long-pointed pro- 
cess, as in Barley and many Grasses 
which are called Aristate. 

Articulated, jointed, separating 
easily and cleanly at some point 



Ascidium, a pitcher or folded Iciaf, as 

in Nepenthes. 
Ascus, a bag, applied to the theca of 

Lichens and other Cryptogams, 

containing sporidia or spores. 
Awn and Awned, see Arista and 

Aristate. 

Axil, the upper angle where the leaf 

joins the stem. 
Axillary, arising from the axil of a 

leaf. 

Axis is applied to the central portion 
of the young plant, whence the 
plumule and radicle are given oflT, 
and the name is given in general 
to the central organ bearing Duds. 

Bacca, berry, a fruit having a soft 
outer covering, and seeds immersed 
in pulp. All such fruits are called 
Baccate. 

Bark (cortex), the outer cellular and 
fibrous covering of the stem ; separ- 
able from the wood in Dicotyledons. 

Basal or Basilar, attached to the 
base of an organ. 

Base, the end nearest to the point of 
attachment 

Bast or Bass, the inner fibrous bark 
of Dicotyledonous trees. 

Bifid, two-cleft, cut down to near 
the middle into two parts. 

Bilocular, having two loculaments. 

Biparous, applied to cymose inflor- 
escence when the floral axis ends in 
a forking or dichotomous manner. 

Bipartite, cut down to near the 
base into two parts. 

BiPiNNATE, a compound leaf, divided 
twice in a pinnate manner. 

BiPiNNATiFiD^ a simple leaf, with 
lateral divisions extending to near 
the middle, and which are also 
similarly divided. 

BiPiNNATiPARTiTE, differing from bi- 
pinnatifid in the divisions extend- 
ing to near the midrib. 

B IPO ROSE, having two rounded open- 
ings. 

Bis, twice, in composition Bi. 
BiSERRATE, or duplicate - serrate, 

when the serratures are themselves 

serrate. 

BiTERNATE, a compound leaf divided 

into three, and each division again 

divided into three. 
Blade, the lamina or broad part of 

a leaf, as distinguished from the 

petiole or stalk. 
Blanching, see Etiolation. 
BoLE| the trunk of a tree. 
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BoRDBRRD PITS, Circular depression 
on pleurcnchyma of conifers. 

Bract, a leaf more or less changed 
in form, from which a flower or 
flowers proceed ; flowers having 
bracts are called Bracteatid. 

Bkactkolb or Bkacti.et, a small 
bract at the base of a separate 
flower in a many-flowered inflores- 
cence. 

Bui.B. an tmderground bud covered 

with scales. 
Bui.iiiL or KiTLBLRT, separable buds in 

the axil of leaves, as m some Lilies. 

Caducous, falling off" very early, as 
calyx of Poppy. 

CiesriTOSB, growing in tufts. 

Caixar^ a spur, a projecting hollow 
or solid process from the base of 
an organ, as in the flowers of Lark- 
spur and Snapdragon ; such flowers 
arc called Calcnrate or spurred. 

Caixwjlatk, slipper-like, applied to 
the hollow petals of some ()rchids, 
also to the petals of Calceolaria. 

CALVCiPLORi«, asub-classof Kxogcns, 
having the. stamens attached to 
the calyx. 

Cai.vi'tka, the outer covering of the 
theca or sporangium of Mosses. 

Calyx, the outer envelope of the 
flower; when there is only one 
envelope it is the calyx. 

Cambium, mucilaginous cells, be- 
tween the bark and the young 
wood, or surrounding the vessels. 

Campanulatr, shaped like a bell, as 
the flower of Harebell. 

Capitatr, pin-like, haying a rounded 
summit, as some hairs ; also grow- 
ing in heads or close clusters. 

Caimtulum, bead of flowers in Com- 
posita;. 

Cai'sui.r, a dry seed-vessel, opening 
by valves, teeth, pores, or a lid. 
. Carina, keel, the two partially united 
lower petals of papilionaceous 
flowers. 

CarinaLj applied to aestivation when 
the carina embraces the other parts 
of the flower. 

Carpbl or Carpidium, the leaf form- 
ing the pistil. Several carpels may 
enter into the composition of one 
pistil. 

Carpophorr, a stalk bearing the 
pi.stil, and raising it above the 
whorl of the stamens, as in Lychnis. 

Carpos, fruit, in composition Carpo. 

Caryopsis or CariopsiSi the mono- 



spermal (single-seeded) seed-vessel 
of Grasses, the pericarp being in- 
corporated with the seea. 

Catkin, same as Amentum, 

Caudkx, the stem of Palms and of 
Tree-ferns. 

Caudiclr, the process supporting a 
pollen-mass in Orchids. 

Caulescent, having an evident stem. 

Caulis, an aerial stem. 

Crllui^sb, the chemical substance 
of which the cell-wall is composed. 

Centrifugal, applied to that kind 
of inflorescence in which the flowers 
in the centre'.or at the top open first. 

Centriprtal, applied to that kind of 
inflorescence in which the flowers at 
the circumference or base open first. 

Crrral, applied to Wheat, Oato, 
Barley, and other grains. 

Chalaza, the place where the 
nourishinff vessels enter the nu- 
cleus of the ovule. 

CiiLAMY.s, covering,* applied to the 
floral envelope ; in composition, 
ChlamydeoHS. 

Chlorophyll, the green colouring 
matter of leaves. 

Chloros, green ; in composition, 
Chloro. 

Chromogrn and Chromulb, the 
colouring matter of flowers. 

Cicatricula, the scar left after the 
falling of a leaf ; also applied to the 
hilum or base of the seed. 

Cilia (Cilium), short stiff* hairs 
fringing the margin of a leaf; also 
delicate vibralile hairs of moving 
spores. 

CiNENCHYMA, laticiferous tissue, 
formed by vessels which unite and 
form a sort of network. 

CiRCiNATR, rolled up like a crozier, 
as the young fronds of Ferns. 

CiRCUMscissiLR, cut rouiid in a cir- 
cular manner, such as seed-vessels 
opening by a lid. 

Cirrus, a tendril, or modified leaf in 
the form of a twining; process ; 
Cirrose, having a tendril, or ten- 
dril-like. 

Cladoptosis, the fall of branches as 
in Thuia, Taxodium, and Tama- 
risc. 

Clados, a branch ; in composition, 
Clado. 

Clavatr, club - shaped, becoming 
gradually thicker towards the top. 

Claw, the narrow base of some 
petals, corresponding to the petiole 
of leaves. 
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Cleft, divided to about the middle. 
Cloves, applied to young bulbs, as 

in the Onion. 
Coccus and Coccum, applied to the 

single-seeded portions forming the 

dry elastic fruit of Euphorbiaceae. 
Coherent, cohesion of parts in the 

same whorl, such as sepals, petals, 

stamens, and carpels. 
Coleorhiza, a sheath covering the 

radicles of a monocotyledonous 

embryo. 

Column, a part in the flower of an 
Orchid supporting the anthers and 
stigma, and formed by the union of 
the styles and filaments. 

CoMOSE, furnished with hairs, as the 
seeds of the Willow. 

Compound, composed of several 
parts, as a leaf formed by several 
separate leaflets, or a pistil formed 
by several carpels either separate 
or combined. 

Compressed, flattened laterally or 
lengthwise. 

Conceptacle, a hollow sac contain- 
ing a tuft or cluster of spores. 

Conduplicate, folded upon itself ; 
applied to leaves and cotyledons. 

Cone, a dry multiple fruit, formed 
by bracts covering naked seeds or 
ovaries. 

Confluent, applied to compound 

fruits formed by several flowers, as 

Pine-apple and Bread-fruit. 
Conjugation, union of two cells, so 

as to develop a spore. 
Connate, when parts are united even 

in the early state of development ; 

applied to two leaves united by 

their bases. 
Connective, the part which connects 

the anther lobes. 
CoNNivENT, when two organs, as 

petals, arch over so as to meet 

above. 

Convolute, when a leaf in the bud 
is rolled upon itself. 

Cord, the process which attaches the 
seed to the placenta. 

Cordate, heart-shaped, a plane body 
with the two lobes or broad part of 
the heart next the stalk or stem ; 
Cordate-based leaf is of any shape, 
but has two lobes at the base. 

Coriaceous, having a leathery con- 
sistence. 

CoRM, thickened underground stem, 
as in the Colchicum and Arum. 

Corolla, the inner envelope of the 
flower. 



CoROLLiFLORiC, Gamopctalous Exo- 
gens, with hypoeynous stamens. 

Corona, a coronal appendage, as the 
crown of the Dafiodil. 

Cortex, the bark ; Cortical^ belong- 
ing to the bark ; Corticatedy having 
a bark. 

Corymb, a raceme in which the lower 
stalks are longest, and all the 
flowers come nearly to a level 
above ; Corymbiferous or Corymb- 
ose, bearing a corymb, or in the 
form of a corymb. 

Costa, a rib. applied to the promi- 
nent bundles of vessels in the 
leaves; Costate, provided with 
ribs. 

Cotyledon, the temporary leaf or 
lobe of the embryo. 

Cremocarp, the friiit of Umbelliferse, 
composed of two separable achenes 
or mericarps. 

Crenate, having superficial rounded 
marginal divisions. 

Crown of the Root, the short stem 
which is at the upper part of the 
root of perennial herbs. 

Cruciform and Cruciate, arranged 
like the parts of a cross, as flowers 
of Cruciferae. 

Cryptogamous, organs of reproduc- 
tion obscure. 

Cryi'tos, inconspicuous or concealed, 
in composition Crypto. 

Culm, stem or stalk of grasses, 

Cuneiform or Cuneate, shaped like 
a wedge standing upon its point. 

Cupula, the cup (n the acorn, formed 
by aggregated bracts. 

Cuticle, the thin layer that covers 
the epidermis. 

Cyclosis, movement of the latex in 
laticiferous vessiels. 

Cyme, a kind of definite inflores- 
cence, in which the flowers are in 
racemes, corymbs, or umbels, the 
successive central flowers expand- 
ing first ; Cymose^ inflorescence in 
the form of a cyme. 

Cytogenesis, cell-development. 

Cytos, a cell, in composition Cyto. 

Deca, ten, in Greek words, same as 
the Latin Decern; as decandrous, 
having ten stamens ; decagynous, 
having ten styles. 

Deciduous, falling off after perform- 
ing its functions for a limited time, 
as calyx of Ranunculus. 

Deciduous Trees, which lose their 
leaves annually. 
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Decumbent, lying flat along the 
ground, and rising from it at the 
apex. 

Decurrent, leaves which are at- 
tached along the side of a stem 
below their point of insertion. 
Such stems are often called 

Decussate, opposite leaves crossing 
each other in pairs at right angles. • 

Definite, applied to inflorescence 
when it ends in a single flower, 
and the expansion of the flowers is 
centrifugal ; also when the num- 
ber of the parts of an organ is 
limited, as when the stamens are 
under twenty. 

Defoliation, the fall of the leaves. 

Degeneration, when an organ is 
changed from its usual appearance 
and becomes less highly developed, 
as when scales take the place of 
leaves. 

Dehiscence, mode of opening of an 
organ, as of the seed-vessel and 
anther. 

Dentate, toothed, having short 
triangular divisions of the margin. 
The term is also applied to the 
superficial divisions of a gamo- 
sepalous calyx and a gamopetalous 
corolla. 

Denticulate, finely toothed, having 
small tooth-like projections along 
the margin. 

Depressed, flattening of a solid 
organ from above downwards. 

Determinate, applied to definite or 
cymose inflorescence. 

DiACHiENiUM, same as Cremocarp^ 
fruit composed of two achenes. 

DiADELPHOUS, stamens in two bun- 
dles, united by their filaments. 

DiALVSES, separation of parts of a 
whorl ; and DilalyPetaiouSt sepa- 
rate petals. 

DiCHASIUM, or DiCHASIAL INFLOR- 
ESCENCE, a form of definite inflor- 
escence, when each primary axis 
produces a pair of opposite, or 
nearly opposite lateral axes, each 
of which produces in turn pairs of 
similar axes. 

DiCHLAMVDEOus, having calyx and 
corolla. 

DicHOTOMOUS, forking stem, or axis, 
dividing by twos, as in I^yco- 
pods. 

Diclinous, staminate and pistillate 
flowers on the same or separate 
plants (monoecious or dioecious). 



Dicotyledonous, embryo having 

two cotyledons. 
DiDVNAMOUS, two loug and two short 

stamens. 

Digitate, compound leaf composed 
of several leaflets attached to one 
point. 

DiGVNOUS, having two styles. 

Dimerous, composed of two pieces. 

Dimorphic, having two forms of 
flowers, diflering m the size and de- 
velopment of the stamens and pis- 
tils as in Primrose. 

DicECious, or Dioicous, staminifer- 
ous and pistilliferous flowers on 
separate plants. 

DiPLOS, double, in composition 
Dipio. 

Diplostemonous, having a double 

row of stamens. 
Dis, twice in composition, Di^ same 

as Latin Bis or Bi ; as disepalous^ 

having two sepals; disptrtnous^ 

two-seeded. 
Discoid, applied to the tubular 

flowers of Compositae. 
Discs, the peculiar- rounded and 

dotted markings on coniferous 

wood. 

Disk, a part inter\-ening between 
the stamens and the pistil in the 
form of scales, a ring, etc. 

DisPERMOUS, having two seeds. 

Dissected^ cut into a number of 
narrow divisions. 

Dissepiment, a division in the 
ovary ; tme, when formed by the 
edges of the carpels ; false, when 
formed otherwise. 

Distichous, in two rows, on opposite 
sides of a stem. 

D I thecal, having two loculaments. 

DoDECA, twelve ; in Latin, Duodecim. 

DoDECAGYNOus, having twelve styles. 

DoDECANDRous, having twelve sta- 
mens. 

Dorsal, applied to the suture of the 
carpel wnich is farthest from the 
axis. 

Dorsiferous, Ferns bearing fructi- 
fication on the back of their fronds. 

Dorsum, the back, the part of the 
carpel which is farthest from the 
axis. 

Double Flower, when the organs 
of reproduction are converted into 
petals. 

Drui'e, a fleshy fruit like the Cherry, 
having a stony endocarp. Drupelst 
small drupes aggregated to form a 
fruit, as in the Raspberry. 
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Duramen, heart-wood of Dicotyle- 
donous trees. 

Dynamis, power, in composition 
means superiority in length; as 
didytutmotts, two stamens longer 
than two others. 

E or Ex, in composition corresponds 
to aiphay privative ; as ebracteated, 
without bracts ; exarisiate, without 
awns ; edentate, without teeth ; 
ecostate, without ribs. 

Elaters, spiral filament in the spore- 
cases of Liverwort 

Elliptical, having the form of an 
ellipse ; oval, but acute at each 
end. 

Emarginate, with a superficial por- 
tion taken out of the end. 

EMnRVO, the young plant contained 
in the seed. 

Embrvogenv, the development of the 
embryo in the ovule. 

Embryology, the study of the for- 
mation of the embryo. 

Embryo-sac, the cellular bag in 
which the embryo is formed. 

En DEC A, ill Greek, eleven ; in Latin, 
Undecim. 

Endecagynous, having eleven styles. 

Endecandrous, having eleven sta- 
mens. 

Endocarp, the inner layer of the 
pericarp next the seed. 

Endochrome. the colouring matter 
of cellular plants. 

Endogen, an inward grower, having 
an endogenous stem; same as 
Monocotyledon. 

Endon, within or inwards, in com- 
position Endo. 

Endophlcbum, the inner bark or 
liber. 

Endopleura, the inner coat of the 
seed. 

Endorhizal, numerous rootlets, 
arising from a common radicle, and 
passing through sheaths, as in 
endogenous germination. 

Endosmose, movement of fluids in- 

• wards through a membrane. 

Endostome, the inner foramen of the 
ovule. 

Endothecium, the inner coat of the 
anther. 

Ennea, nine ; in Latin, Novem. 

Enneagynous, having nine styles. 

Enneandrous, having nine stamens. 

Entire* without marginal 

divisions ; (integerrimus), without 
either lobes or marginal divisions. 



Entomophilous, applied to flowers 
in which pollination is effected by 
insects. 

Envelopes, Floral, the calyx and 
corolla. 

Ei'i, upon, in composition means on 
the outside or above, as epicarp, 
the outer covering of the fruit; 
epigynous, above the ovary. 

Epicalyx, outer calyx, formed either 
of sepals or bracts, as in Mallow 
and Potentilla. 

Epicarp, the .outer covering of the 
fruit. I 

Epidermis, the cellular layer cover- 
ing the external surface of plants. 

Epigynous, above the ovary. 

Epiphyte, attached to another'plant, 
and growing suspended in the 
air. 

Episperm, the outer coat of the seed. 

Equitant, applied to leaves folded 
longitudinally, and overlapping 
each other without any involu- 
tion. 

Erect, applied to an ovule which 
rises from the base of the ovary; 
also applied to innate anthers. 

ETiERio, aggregate drupes forming 
the fruit of the Bramble. 

Etiolation, blanching, losing colour 
in the dark. 

ExALBUMiNOUs, without a separate 
store of albumen or perisperm. 

ExANNULATB, without a ring, applied 
to some Ferns. 

Excurrent, running out beyond.the 
edge or point. 

Exo, in composition, on the outside. 

ExoGEN, outward-grower, having an 
Exogenous stem, same as Dicoty- 
ledon. 

ExoRHiZAL, radicle proceeding di- 
rectly from the axis, and afterwards 
branching, as in Exogens. 

ExosMOSE, the passing outwards of 
a fluid through a membrane. 

ExosTOME, the outer opening of the 
ovule. 

ExsERTED, extending beyond an or- 
gan, as stamens beyond the corolla. 

ExsTiPULATE, without stipulcs. 

ExTiNE, the outer coveting of the 
pollen-grain. 

ExTRORSB, applied to anthers which 
open on the side farthest removed 
from the pistil. 

Fascicle, a shortened umbellate 
cyme, as in some species of Dian- 
thus (pink). 
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Fasciculatb, similar parts springing 
in a bundle from one point. 

Fbathbr-vbined, a leaf having the 
veins passing from the midrib at a 
more or less acute angle, and ex- 
tending to the margin. 

Fkktile, applied to pistillate flowers ; 
and to the fruit-bearing frond of 
Ferns. 

FiUKo-CBLLULAR tissuc, composed of 

spiral cells. 
FiiiRous, composed of numerous 

fitires, as some roots. 

FlHRO- VASCULAR TISSUK, COmpOScd of 

vessels containing spiral and other 
fibres. 

Fid, in composition, cleft, cut down 
to about the middle. 

Filament, stalk supporting the an- 
ther. 

Filiform, like a thread. 

Fimbriated, fringed at the margin. 

Flabellifokm, fan-shaped, as the 
leaves of some Palms. 

Flagbllum, a runner, a weak creep- 
ing stem bearing rooting buds at 
dilterent points, as in the Straw- 
berry. 

Floral Envelopes, the calyx and 
corolla. 

Foliation, the development of 
leaves. 

Follicle, a fruit formed by a single 
carpel, dehiscing by one suture, 
which is usually the ventral 

Foramen, the opening in the cover- 
ings or coats of the ovule. 

FoviLLA, minute granular matter in 
the pollen grain. 

Frond, the leaf-like or^an of Ferns 
bearing the fructiflcation ; also ap- 
plied to the thallus of many Cryp- 
togamic plants. 

FRUSTULE.S. the parU or fragments 
into whichiDiatoms separate. 

Frutex, a shrub. 

Fruticosr, shrubby. 

Kuf;ACious, evanescent, falling oflT 
early, as the petals of Cistus. 

FuNicuLu.s the cord connecting the 
hilum of^ the ovule to the pla- 
centa. 

Funnel-shaped, see Infundibuli- 
form. 

Furcate, divided into two branches 

like a two-pronged fork. 
Fuhiporm, shaped like a spindle. 

Galea, applied to a sepal or petal 
shaped like a helmet; the part is 
called Galtate. 



Gamo, in composition, means union 
of parts. 

Gamopetalous^ Mxtic m MoHc^eial' 

ous, petals united. 
Gamosepalous same as Monosepal- 

ouSf sepals united. 
Gemma, a leaf-bud ; GemmatioUf the 

development of leaf-buds. 
Gem mule, same as Flumule, the 

first bud of the embryo. 
Geniculate, bent like a knee. 
Gkrmrn, same as ovary. 
Germinal Vesicle, a cell contained 
in the embrvo sac, from which the 
embryo is developed. 
Germination, the sprouting of the 

young plant. 
Gidhous, swollen at the base, or 
having a distinct swelling at some 
part of the surface. 
Glabrous, smooth, without hairs. 
Gland, an organ of secretion con- 
sisting of cells, and generally occur- 
ring on the epidermis of plants. 
Glandular Hairs, hairs tipped with 
a gland, as in Drosera and Chinese 
Primrose. 
Glans, nut. applied to the Acorn 
and Hazel-nut, which are enclosed 
in bracts. 

Glaucous, covered with a pale-green 
bloom. 

Globule, the antheridium of Chara. 
Glume, a bract covering the organs 
of reproduction in the spikelcts of 
Grasses^ which are hence called 
Glumi/erous. 
GLUMELLEand GLUMELLULE,aname 
applied to the palea or pale of a 
Grass. 

Grain, caryopsis, the fruit of Cereal 
Grasses. 

Grains of pollen, minute cells com- 
posing the pollen. 
Gymno.s, naked ; in composition 
Gyinno. 

Gymnokpermous, plants with n.iked 
seeds, i.e. seeds not in a true ovary, 
as Conifers. 
GvNANUKous, stamen and pistil 
united in a common column, as in 
Orchids. 

Gyne, pistil, and Gyn, Gynous, and 
Gyno, in composition, refer to the 
pistil or the ovary. 
Gynophore, a stalk supporting the 
ovary. 

Gyrate, same as Circinate. 
Gyration, same as Rotation in cells. 

Hastatb, halbert-shaped, applied to 
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a leaf with two portions at the base 
projecting more or less completely 
at right angles to the blade. 

Hrau. See Capituluin. 

Heart-wood, same as Duramen. 

Helicoidal, having a coiled appear- 
ance like the shell of a snail, ap- 
plied to inflorescence. 

Helmet, the upper petaloid sepal of 
Aconitum. 

Hemi, half; same as Latin Semi. 

Hemicaki", one of the achencs form- 
ing the fruit of Umbcllifcrae. 

Heft A, seven ; same as Latin Septem. 

Hkptagynous, having seven styles. 

Hei'TANDROUS, having seven sta- 
mens. 

Herd, a plant with an annual stem, 
opposed to a woody plant. 

Herbaceous, green succulent plants, 
which die down to the ground in 
winter ; annual shoots ; green- 
coloured cellular parts. 

Heterorhizal, rootlets proceeding 
from various points of a spore 
during germination. 

Hex A, six ; same as Latin Sex. 

Hexagynous, having six styles. 

Hbxandrous, having six stamens. 

HiLUM, the base of the seed to which 
the placenta is attached, either 
directly or by means of a cord. 
The term is also applied to the 
mark at one end of some grains of 
starch. 

Hirsute, covered with long stiff 
hairs. 

Hispid, covered with long very harsh 
hairs. 

Histology, the study of microscopic 
tissues. 

Hoary, covered with greyish-white 
down. 

Hybrid, a plant resulting from the 
fertilisation of one species by 
another. 

Hymenium, the part which bears the 
fructification in Agarics. 

Hypo, under or below ; in composi- 
tion, Hyp. 

Hypocrateriform, shaped like a 
salver, as corolla of Primrose. 

Hypogynous, inserted below the 
ovary or pistil. 

IcosANDRiA, having twenty stamens 
or more, inserted on the calyx ; 
Icosattdrous, having twenty sta- 
mens. 

Icosi, twenty ; in composition Icos. 
Same as Latin Viginti. . 



Imbricate or Imbricated, parts 
overlying each other like tiles on 
a house. Imbricated eestivatumy 
the parts of the flower-bud alter- 
nately overlapping each other, and 
arranged in a spiral manner.^ 

Impari-pinnate, unequally pinnate, 
pinnate leaf ending in an odd leaflet. 

Incumbent, cotyledons with the 
radicle folded on their back. 

Indefinite, applied to inflorescence 
with centripetal expansion ; also to 
stamens above twenty, and to ovules 
and seeds when very numerous. 

IndehiscenTj not opening; having 
no regular Ime of suture. 

Indeterminate, applied to indefinite 
inflorescence. 

Indigenous, an aboriginal native in 
a country. 

In DUPLICATE, edges of the sepals or 
petals turned dightly inwards in 
aestivation. 

Indusium, epidermal covering of the 
fructification in some Ferns. 

Inferior, applied to the ovary when 
it is situated below the calyx ; and 
to the part of a flower farthest 
from the axis. 

Inflorescence, the mode in which 
the flowers are arranged on the 
axis. 

Infundibuliform, in shape like a 

funnel, as seen in some gamope- 

talous corollas. 
Innate, applied to anthers when 

attached to the top of the filament. 
Inserted, growing upon. 
Internode, the portion of the stem 

between two nodes or leaf-buds. 
Interpetiolar, between-ihe petioles 

of opposite leaves ; as the stipules 

of Cinchona. 
Interruptedly-pinnate, a pinnate 

leaf in which pairs of small pimiae 

occur between the larger pairs. 
Intine, the inner covering of the 

pollen-grain. 
Introrse, applied to anthers which 

open on the side next the pistil. 
Inverted or Inverse, apphed to the 

embryo when the radicle is directed 

to a point at the opposite end of 

the seed from the hilum. 
Involucel, bracts surroimding the 

partial umbel in Umbelliferae. 
Involucre, bracts surrounding .the 

general umbel in Umbelliferae, the 
eads of flowers in Compositae, 
and in general any verticillate 
bracts surrounding numerous 
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flowers. Also applied to the In- 

dusium of Ferns. 
Involute, edf^cs of leaves ^ rolled 

inwards spirally on each side, in 

aestivation. 
Ikkbgular, a flower in which the 

parts of any of the verticils differ 

in size. 

IsoMEKOUS, when the whorls of the 

flower are each composed of an 

equal number of parts. 
LsosTEMONouR, wKen the stamens 

are the same in number as the 

floral envelopes. 

Joinings, the places where the parts 
of the stem are attached to each 
other ; the nodes. 

Joints, the spaces between the 
joinin^s^ nodes, or knots ; the 
parts joined. 

JuGUM, a pair of leaflets; jugate, 
applied to the pairs of leaflets in 
compound leaves; unijug^te, one 
pair ; bijugate^ two pairs, and so on. 



Kbel, same as Carina. 
Kneed, see Geniculate. 
Knots in trees, formed by abortive 
branches. 

Labellum, lip, one of the divisions 
of the inner whorl of the flower of 
Orchids. This part is^ in reality 
superior, but becomes inferior by 
the twisting of the ovary. 

Labiate, lipped, applied to irregular 
gamopetalous flowers, with an 
upper and under portion separated 
more or less by a niatus or gap. 

Laciniate, irregularly cut into nar- 
row segments. 

Lacuna, a large space in the midst 
of a group of cells. ^ ^ 

Lamella, gills of an Agaric, also ap- 
plied to flat divisions of the stigma. 

Lamina, the blade of the leaf, the 
broad part of a petal or sepal. 

Lanceolate, narrowly elliptical, 
tapering to each end. 

Lateral, arisinj; from the side of the 
axis, not termmal. 

Latex, granular fluid contained in 
laticiferous vessels. 

Laticifekoits, vessels containing 
latex which unite together, and 
form a sort of network. 

Latisept^, Cruciferous plants hav- 
ing a broad replum in their silicula. 



Lbaflrts, the subdivisions of com- 
pound leaves. 

Legume, a pod composed of one 
carpel, opening usually by ventral 
and dorsal suture, as in Pea. 

Lknticel, a small process on the 
l>.irk of Willovvs and other plants, 
whence adventitious roots proceed. 

Lenticular, in the form of a double 
convex lens. 

Liber, the flbrous inner bark or en< 
dophlceum. 

LiGNiN, woody matter which 
thickens the cell-walls. 

LiGULATE, strap-shaped florets, as 
in Dandelion. 

LiGULE, a process arising from the 
petiole of grasses where it joins 
the blade. 

LiGULiFLORyR, Composite plants hav- 
ing ligulate florets. 

Limb, the blade of the leaf ; the 
broad part of a petal or sepal ; 
when sepals or petals are united, 
the combined broad parts are de- 
nominated collectively the limb. 

Linear, verv narrow leaves, in 
which the length exceeds greatly 
the breadth. 

LuDK, large division of a leaf or any 
other organ ; applied often to the 
divisions of the anther. 

LocuLiciDAL, fruit dehiscing through 
the back of the carpels. 

LocuLUS or Loculament, a cavity 
in an ovary, which is called unilocu- 
lar when It has one cavity, bilocular 
with two, and so on. The term 
arc also applied to the anther. 

LocusTA, aspikelet of grasses formed 
of one or several flowers. 

LoDicuLE. a scale at the base of the 
ovary of Grasses. 

Lomentum and Lomentaceous, ap- 
plied to a lefi;ume or pod with 
transverse partitions, eacn division 
containing one seed. 

Lvrate, apinnatifld leaf with a large 
tenninal lobe, and smaller ones as 
we approach the petiole. 

Macros, large, in composition Macro. 
Macrospores, large spores of Lyco- 
pods. 

Marcrscent, withering, but not 
falling off* until the part bearing it 
is perfected. 

Masked, same as Personate. \ 

Mattulla, the flbrous matter cover- 
ing the petioles of Palms. 

Medulla, the cellular pith. 
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Mrditllary Rays or Plates, cell- 

« ular prolongations uniting the pith 
and tne baric. 

Mkdullary Sheath, sheath con- 
taining spiral vessels surrounding 
the pith in Exogens. 

Membkank, the wall of a cell, or a 
thin covering formed by flattened 
cells. 

Mkmdkanous, havine the consist- 
ence, .structure, and aspect of a 
membrane. 

Mericarp, single-seeded dry carpal 
seimrating from a compound fruit, 
as in Umbelliferae and i^abiata^ 

Mesocarp, middle covering of the 
fruit 

Mbsosperm, inner covering of the 
seed. 

Mesophlceum, middle layer of bark. 
Mesos, the middle, in composition 
Meso. 

Micropyle, the opening or foramen 

of the seed. 
Microspore, small spore of Lyco- 

pods. 

Micros, small, in composition ilZ/irr/?. 

MoNADELPHOUs, .stamcus united into 
one bundle by union of their fila- 
ments. 

Monandrous, having one stamen. 

Moniliform, beaded, cells united, 
with interruptions, so as to re- 
semble a string of beads. 

MoNOCHLAMVDEOUS, flower having 
a single envelope, which is the 
calyx. 

MoNocoTYLEDONors, having one co- 
tyledon in the embryo. 

MoNcECious, stamens and pistils in 
different flowers on the same 
plant 

MoNCKiYNfECiAL, simple fruits formed 
by the gynaicium of one flower. 

MoNOGYNOUS, havine one pistil or 
carpel ; also applied to plants hav- 
ing one style. 

MoNOPETALOUS, Same as Gamcpeta- 
lous. 

MoNOS, one, in composition Motio 
and MoHf as Motutndraus, one 
stamen; sometimes applied to the 
union' of parts into one, as Mono- 
MaloitSf meaning combined petals ; 
same as Latin Unus. 

MoNOSEP ALDUS, Same as Gamosepa- 
lous. 

MONOSPERMOUS Or MONOSPERMAL, 

having a single seed. 
Morphology, the study of the forms 
which the different organs assume. 



and the laws that rtgulate their 
changes. 

MucRO, a Stiff point abruptly termi- 
nating an organ ; Mucronate, hav- 
ing a mucro. 

Mi LTicosTATE. many-ribbed. 

MuLTiFiD, applied to a simple leaf 
divided laterally to about the 
middle into^ numerous portions; 
when the divisions extend deeper it 
is Multipartite. 

MuLTiLocuLAR, having many locula- 
ments. 

Multiple, applied to confluent 
fruits, such as the Pine-apple. 

MuRiFORM, like bricks in a wall ; ap- 
plied to cells, chiefly in the Med- 
ullary rays. 

Musci, the natural order of Mosses. 

Mycelium, the cellular under-ground 
stem or spawn of FungL 

Naked, applied to seeds not con- 
tained in a true ovary; also to 
flowers without any floral enve- 
lopes. 

Nectary, any abnormal part of a 
flower. It ought to be restricted 
to organs secreting a hone3r'like 
matter, as in Crown Imperial 

Netted, applied to reticulated vena- 
tion. 

Node, the part of the stem from 

which a leaif-bud proceeds. 
NoTORHiZEi«, radicle on the back of 

the cotyledons, as in some Qnd- 

ferae. 

Nucleus, the body which gives ori- 
gin to new cells ; also api^ied to 
uie central cellular portiim of the 
ovule and seed. 

Nucule, archegonium of Chara. 

Nucumentacbous, CrucifersB hav- 
ing a dry monospermal fruit 

Nut, properly applied to the dlans; 
but also apiilied to any hara nut- 
like fruit, as in Carex and Rumez. 

Ob, in comp<^tion, means reversed 

or contrariwise. 
Obcordate, inversely heart-shaped, 

with the divisions of the heart at 

the opposite end from the staUc 
Obi^ng, about } as long as broad; 

elliptical, obtuse at each end. 
Obovate, reversely^ ovate, the broad 

part of the egg being uppermost 
Obsolete, imperfectly developed or 

abortive : applied to the calyx when 

it is in the form of a rim. 
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Obtuse, not pointed, with a rounded 
or blunt termination. 

OcTANDROUs, having ei^ht stamens. 

OcTo, eight, m composition Oct. 

OctogyKous, having eight styles. 

CEciuM, and CEcious, and Oicous, 
in comp>osition, have reference to 
the position of the reproductive 
organs, as Andrceciumt the stami- 
nsd organs ; DuBcioiis, or Dioicous^ 
stamen and pistil in different 
plants. 

Operculum, lid, applied to the separ- 
able part of the theca of Mosses ; 
also applied to the lid of certain 
seed-vessels; Operculatey opening 
by a lid. 

Opposite, applied to leaves placed on 
opposite sides of a stem at the same 
level. 

Orbicular, rounded leaf with petiole 
attached to the centre of it. 

Organography, the description of 
the organs of plants. 

Orthoploce^e, Crucifera having 
conduplicate cotyledons. 

Orthos, straight ; in composition 
OrthOf same as Latin Rectus. 

Orthotropal and Orthotropous, 
ovule with foramen opposite to the 
hilum ; embryo with radicle next 
the hilum. 

Osmose, the force with which fluids 
pass through membranes in experi- 
ments on exosmose and endosmose. 

Oval, elliptical, blunt at each end. 

Ovary, the part of the pistil which 
contains the ovules. 

Ovate, shaped like an egg, applied 
to a leaf with the broader end of 
the egg next the petiole or axis; 
Ovate-lanceolate y a lanceolate leaf, 
which is somewhat ovate. 

Ovule, the young seed contained in 
the ovary. 

Palate, the projecting portion of the 
under lip of personate flowers. 

Palea or Pale, the part of the 
flower of Grasses within the glume ; 
also applied to the small scaly 
laminae which occur on the recep- 
tacle of some Compositae. 

Palmate and Palmatifid, applied 
to a leaf with radiating venation, 
divided into lobes to about the 
middle. 

Palmatipartite, applied to a leaf 
with radiating venation, cut nearly 
to the base in a palmate manner. 

Panicle, inflorescence of Grasses, 



consisting of spikelets on long pe- 
duncles coming ofi* in a racemose 
manner. 

Papilionaceous, corolla composed 
of vexillum, two alae, and carina, as 
in a Pea. 

Pappus, the hairs at the summit of 
the ovary in Compositae. They con- 
sist of the altered calycine limb. 
Pappose^ provided with pappus. 
Paraphyses, filaments, sometimes 
articulated, occurring in the fructi- 
fication of Mosses and other Cryp- 
togams. 

Parasite, attached to another plant, 

and deriving nourishment from it. 
Parenchyma, cellular tissue. 
Parietal, applied to placentas on 

the wall of the ovary. 
Pari-pinnate, a compound pinnate 

leaf, ending in two leaflets. 
Partite or Parted, cut down to 
near the base, the divisions being 
called Partitions. 
Pectinate, divided laterally into 
narrow segments, like the teeth of 
a comb. 

Pedate and Pedatifid, a palmate 
leaf of three lobes, the lateral lobes 
bearing other equally laree lobes 
on the edges next the middle lobe. 
Pedicel, the stalk supporting a 
single flower; such a flower is 
Pedicellate. 
Peduncle, the general flower-stalk 
or floral axis. Sometimes it bears 
one flower, at other times it bears 
several sessile or pedicellate flowers. 
Peltate, shield-like, fixed to the 
stalk by a point within the mar- 
gin ; peltate hairs, attached by 
their middle. 
Pendulous, applied to ovules which 
are hung from the upper part of 
the ovary. 
Penicillate, pencilled, applied to a 
tufted stigma resembling a camel- 
hair pencu, as in the Nettle. 
Penta, Pente, five ; same as Quin- 

gue in Latin. 
Pentagynous, having five styles. 
Pentamerous, composed of five 
parts ; a pentamerous flower has 
Its different whorls in five, or 
multiples of that number. 
Pentandrous, having five stamens. 
Pepo and Peponida, the fruit of the 
Melon, Cucumber, and other Cu- 
curbitaceae. 
Per, when placed before an adjec- 
tive, sometimes gives it the value 
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cS a superlative, a» frrpMsilbu^ 
very weak ; at other limes it 
mcan« through, as perfoliate, 
thrrnigh the leaf. 

Pkkkn'Nial, living, or rather flower- 
ing, fur M:\entl ycar^. 

Pkkkoliate, a leaf with the lobes at 
the base, united on the side of the 
stem opposite the blade, so that 
the stalk appears to pass through 
the leaf. 

Pkki, around : in Latin, Circa. 

PRKIA.STH, a general name for the 
floral envelope ; applied in cases 
where there is only a calyx, or 
where the calyx and corolla are 
alike. 

Pericarp, the covering of the fruit. 

pKRiGr>SK, same as Perianth. Some 
restrict the term to cases in which 
the flower Ls pistillifcrrjus. It has 
also been applied to the involucre 
of Jungermannies. 

Perigvnoi's, applied to corolla and 
stamens when attached to the calyx. 

Pekisperm, same as albumen of seed. 

Peristome, the opening in the spo- 
rangium of Mosses after the removal 
of the calyptra and opcrculum. 

Persistent, not falling off", remain- 
ing attached to the axis until the 
part which bears it is matured. 

Personate, a gamopetalous irregular 
corolla having the lower lip pushed 
upwards, so as to close the hiatus 
between the two lips. 

Petal/md, like a petal. 

Pktals, the leaves forming the corol- 
line whorL 

Petiolate, having a stalk or petiole. 

Petiole, a leaf-stolk : Petiolule, the 
stalk of a leaflet in a compound leaf. 

PHiCNOGAMous, Same as Phatiero- 
gamous. 

Phanerogamous, having conspicu- 
ous flowers. 

Phankros and Ph^bnos, conspicu- 
ous; in composition, Phanero and 
PJiano. 

PnuEUM. a name applied in composi- 
tion to the bark. 

Phloem, the bast portion of a 
fibro-vascular bundle forming the 
bark. 

Phokus, Phorum, and Phore, in 
words derived from the Greek, are 
used as terminations, meaning 
that which bears; equivalent to 
the Latin Ferns and Fer. 

Phragma, transverse division or false 
dissepiment in fruits. 



Phvllakies, the leaflets fiomung the 

involucre of Composite flowen. 
Phvluodium, leaf-stalk enlaised so 

as to have the appearance <^ a leaC 
Phvlloid, like a leaf. 
pHVLUjFTt«si.s defoUatioii, or the fidl 

of the leaf. 
Phvllotaxis, the arrangement <^ the 

leaves on the axis. 
Phvlli m, leaf, in compositioa Pkyllo 

and Phylhus; in Latin Folhnm. 
Physiology, Vegetable, the study of 

the functions of plants. 
Phytozoa^ moving filamCTits in die 

antheridia of Cryptogams. 
Pileorhiza, a covering of the ix>ot, 

as in Lemna. 
PiLEL's, the cap-like portion of the 

Mushroom, bearing the^hymenium 

on its under side. 
Pilose, provided with hairs; such as 

pappus. 

PiN-EYED, flower with loi^ styles, the 
stigma being visible at the top of 
the floral tube, as in Primula. 

Pinna, the leaflet of a pinnate leaf. 

Pinnate, a compomid leaf having 
leaflets arranged on eadi side of a 
central rib. 

Pinnatifid, a simple leaf cut into 
lateral segments to about the 
middle. 

Pinnatipartite, a ample leaf cut 

into lateral segments, the diviaons 

extending nearly to ihe central rib. 
Pinnule, the small pinna a In- 

pinnate or tripinnate leaf. 
Pistil, the central or ovule-bearing 

organ of the flower, composed of 

one or more carpels ; each carpel 

being composed of ovary, st^e, 

and stigma. 
Pistillate, and Pistillifkrous, 

applied to a flower or a plant having 

a pistil and no stamen. 
Pistillidium, the pistilline organ in 

Cryptogams. 
Pith, the column of cellular tissue 

in the centre of dicotyledonous 

steins or branches. 
Pitted, covered with small depressed 

spots. 

Placenta, the cellular part of the 
carpel b^u-ing the ovule. 

Placentation, the formation and 
arrangement of the placenta. 

Pleurenchyma, woody tissue. 

Pleurorhize/b, Cruciferous plants 
having the radicle of the embryo 
applied to the edges of the cotyle- 
dons, which are called Accumbent. 
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Plicate, plaited or folded like a 
fan. 

Plumule, the first bud of the embryo, 
usually enclosed by the cotyledons. 

Pod, see Legume and Siliqua. 

PoDOGYNiuM, a stalk supporting an 
ovary. 

POLLAKD-TREKS, CUt down SO aS tO 

leave only the lower part of the 

trunk, which gives on numerous 

buds and brancncs. 
PoLLKN, the powdery matter con- 
tained in the anther. 
PoLLEN-TUUB, thc tube emitted by 

the pollen-grain after it is applied 

to the stigma. 
PoLLiNiA, masses of pollen found in 

Orchids and Asclepiads. 
Polyadelphous, stamens united by 

their filaments so as to form more 

than two bundles. 
PoLYANUKOUK,stamens above twenty. 
PoLYCoTYLKDONous, having many 

cotyledons, as in Firs. 
Polygamous, plants bearing perfect 

as well as staminate and pistillate 

flowers. 

Polygyncrciai., applied to multiple 

or confluent fruits. 
Polygynous, having many pistils or 

styles, 

PoLYPBTALous, a coroUa composed 
. of separate petals. 
PoLYi'HYLLpus, a calyx or involucre 

composed of separate leaflets. 
Polys, many, in composition Poly; 

in Latin Multus. 
PoLYSEPALous, a calyx composed of 

separate sepaJs. 
PoLYSPERMAL, Containing many 

seeds. 

P(jME, a fruit like thc Apple and Pear. 

Pokes of the leaf, same as Stomata. 

PoKous VESSELS, samc as Pitted or 
Dotted vessels. 

PosTEKioK, applied to the part of the 
flower placed next the axis ; same 
as Superior. 

Pk>«klokation, samc asyEstivaiiou. 

Pk^wfoliation, same as yerttatioti. 

Prickles, hardened epidermal ap- 
pendages, of a nature similar to 
hairs. 

Pkimine, the outer coat of the ovule. 
Pkolifkkous, bearing abnormal 
buds. 

Pkokbnchyma, fusiform tissue form- 
ing wood. 

Pkoterandrous, or Protandrous, 
stamens reaching maturity before 
the pistil. 



Protbrogynous, or Protogynous, 
pistil reaching maturity before the 
stamens. 

Prothallium, or Prothallus, 
names given to the first part pro- 
duced by the spore of some acro- 
gens (as Ferns) m germination. 

Protoplasm^ the matter which is 
concerned m the early formation of 
cell-walls. 

PsBuuo, false ; in Latin, S^urius. 

Pseudo-bulb, the peculiar aerial 
stem of many epiphytic Orchids. 

PuuESCENCB, short and soft hairs 
covering a surface, which is hence 
called PubeMcent. 

PuLviNUS, cellular swelling at thc 
point where the leaf-stalk joins the 
axis. 

Punctated, applied to the peculiar 
dotted woodv fibres of Conifcrse, 
showing bordered pits. 

Put AM EN, the hard endocarp of some 
fruits. 

Pyxis and Pyxidium, a capsule open- 
ing by a lid. 

Quadri, in composition, means four 
times. 

QuADRiFiD, four-clefk. cut down into 
four parts to about the middle. 

QuADRiLocuLAR, having fourlocula- 
ments. 

Quadripartite, divided deeply into 

four parts. 
Quartinb. the fourth coat of the 

ovule, which often is changed into .. 

albumen. 

QuATERNATB, leaves coming off in 

fours from one point. 
Quinary, composed of five parts, or 

of a multiple of five. 
QuiNATB, five leaves coming off from 

one point. 
QuiNQUE, in compound words means 

five. 

QuiNQUKFiD, five-cleft, cut into five 

parts as far as the middle. 
QuiNQUELOcuLAR, having five locu- 

laments. 

QuiNQUKpARTiTE, divided deeply 
into five parts. 

Race, a permanent variety. 
Rackmk, cluster, inflorescence in 

which there is an elongated primary 

axis bearing stalked ffowers. 
Racemose, flowering in racemes. 
Rachis, tne axis of inflorescence ; 

also applied to the stalk of the 

frond in Ferns, and to the common 
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staDc beaiiBg tbe alternate spikelets 
- ' in some Groses. 
Radiant, amplied to flowers which 

form a rav-luce a{>pearaDce, as seen 

in UmbeUiferx and in Viburnum, 

etc 

Radical, belonging to tbe root, as 
radical hairs. 

Radicle, the young root of the em- 
bryo. 

Radii's, the ray or outer part of the 
heads o€ Composite flowers. 

Raphe, the line which connects the 
hilum and the chalaza in anatropal 
tovuks. 

Raphides, crystals found in cells, 

* which are hence called Raphidiatt. 

Ray, ai^lied to the expanded outer 
flowers of a capitulum or umbeL 

Receptacle, the flattened end of the 
peduncle or rachis, bearing numer- 
ous flowers in a head ; aj^lied also 
generally to the extremity of the 
peduncle or pediceL 

Recurved, b«it back. 

Regular, applied to an organ, the 
parts of which are of ami&r form 
and size. 

Reniform, in shape like a kidney. 

Replum, a longitudinal division in a 
pod, formed by the placenta, as in 
Cruciferae. 

Reticulated, netted, applied to 
leaves having a network of anas- 
tomosing veins. 

Retuse, when the extremity is broad, 
blunt, and slightly depressed. 

Revolute, leaf with its edges rolled 
backwards in vernation. 

Rhiza, in words derived from the 
Greek, means root 

Rhizome, a stem creeping horizon- 
tsdly, more or less covered by the 
soil, giving off buds above and 
roots below. 

Rhomboid,^ quadran^lar form, not 
square, with equal sides. 

Ringent, a labiate flower, in which 
the upper lip is much arched. 

Root-stock, same as Rhizome. 

Rosaceous, applied to corollas hav- 
ing separate sessile petals like the 
Rose. 

Rostellum, the modified stigma of 
the upper pistil of Orchids. I t in- 
cludes, or is formed, of viscid 
matter. The pollen-masses, ' in 
many Orchids, are firmly attached 
to a portion of its exterior mem- 
brane, which is removed along with 
the pollen-iqasses by injects. 



Rostratk, beaked, having a loi^ 

sharp point. 
Rotate, a gamopetakms corolla 

with a short tube, 4 the limb 

spreading out more or less at right 

angles. 

Rotation or Gyration, a peculiar 
circulation of the cell sap, seen in 
Hydrocharidaceae, Oiaia, etc 

Ruminate, applied to mottled albu- 
men, as in Nutm^. 

Ru.NciKATK, a ptmnatifid leaf with a 
triangular termination and sharp 
divisions pointing downwards, as 
in Dandehoo.' 

Runner, a prostrate shoot rooting at 
its end; a stole. 

Sagittate, like an arrow, a leaf 
having two prolonged shanHpmnted 
lobes projecting downwards beyond 
the insertion of the petiole. 

Salver -shaped, same as Hy^ocm^ 
teriform. 

Samara, a winged dry fruit, as in 
the Ehn. 

Sarmentum, sometimes meaning the 
same as Flagellum^ or runner, at 
other times applied to a twining 
stem which supp(nrts itself by 
means of others. 

Scabrous, rough, covered with very 
stiff* short haurs; ScabrtMSCulu*^ 
somewhat rough. 

ScALARiFOKM, vessels ha^ong bars 
like a ladder, seen in Ferns. 

Scandent, climbing by means of sup- 
ports, as on a wall or rock. 

Scape, a naked flower-stalk, bearing 
one or more flowers ariane from a 
short axis, and usually wiu radical 
leaves at its base. 

Scarious, having the consistence of 
a dry scale, meml»anous, and 
shrivelled. 

Scion, the young twig used as a graft. 

Scorpioidal, like the tail of a scor- 
pion, a peculiar twisted cymose 
inflorescence, as in Boraginaceae. 

Secund, tiuned to one side. 

Secundine, the second coat of the 
ovule withiu the primine. 

Segregate, separated from each 
other. 

Semi, half, same as the Greek Hemi, 
Seminal, applied to the cotyledons, 

or seed-leaves. 
Sepal, one of the leaflets forming the 

calyx. 

Septate, divided by septa or par- 
titions, 
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Srptkm, Rcven, in Greek Uepta. 

Ski'TKNATK, a compound leaf with 
iicven leaflets coming off from one 
point. • 

Ski'Ticidai., dchinccnce of n necd- 
veHScl throush the Hepta or cdgcM 
of the carpels. 

.Skitipkaoal, dehiscence of a seed- 
vessel through the back of the 
loctdaments, the valves also sepa- 
rating from the septa. 

SKi'Tin.ATR, having spurious trans- 
verse dissepiments. 

Srptkm, a division in an ovary formed 
by the sides of the carpels. 

SKHtcKouH, silky, covered with fine 
close-pressed hairs. 

Srkratk or Srkkatrd. having sharp 
processes arranged like the teeth 
of a saw. Bistrrattf when these are 
ahernately large and small, or 
when the teeth are themselves 
serrated. 

Srkraturra, pointed marginal divi- 
sions arranged like the teetn of a saw. 

Srskii.b, witnout a stalk, as a leaf 
without a petiole. 

Srta, a bristle or sharp hair ; also 
applied to the gland-tipped hairs of 
Kosaceas and Hieracia ; and to 
the stnlk bearing the theca in 
Mosses. 

Srtackoub, in the form of bristles. 
Skx. in Latin, six, same as Greek 
Jlexa, 

SiLict/i.A or .Sii.ici.K, a short pod with 
a double pl.'icenta and a rcplum, as 
in some Crucifcras, 

Sii.tcm.oH>R, bearing a siliclo. 

Sn.iQOA, a long pod similar in struc- 
ture to the silicula. 

Sti.iQUOR/R, bearing a siliqua. 

SiMiM.R, not branching, not divided 
into separate parts ; SimMe fruits 
arc those formed by one flower, 

SiNUATBD, the marjgin having numer- 
ous large obtuse indentations, 

Sinuous, with a wavy or flexuous 
margin, 

SouoLRS, a creeping underground 
stem. 

SoK tis, a cluster of sporangia in Ferns. 
Spauix, a succulent spike bearing 

stamlnate and pistillate flowers, as 

in Arum. 

Spathackous, havjng the aspect and 
mcmbranousconsistence of aspathc. 

Spatmr, large membranous bract 

*" covering numerous flowers. 

SpATHCt.ATR, shaped like a spathula, 
applied to a leaf having a linear 



form, enlarging suddenly into a 
rounded extremity, as in Daisy. 

Spawn, same as ATycflimn. 

Sprcipic Charactrk, the essential 
character of a species. 

Sprrmatozoids, moving filaments 
contained in the antheridia of 
Cryptogams ; same as Phytotoa 
and AntherozoUs. 

Sprkmodrrm, the general covering of 
the seed. Sometimes applied to 
the cpispcrm or outer covering.* 

Spikr, inflorescence consisting of 
numerous flowers sessile on an axis. 

Spikrlrt. small clutter of lestile 
flowers in Grasses. 

Spinr or Thorn, an abortive branch 
with a hard sharp point. 

Spiral Vrhsbi.s, having a spiral fibre 
coiled up inside a tube. 

Spirolobr>«, Crucifera: having the 
cotyledons folded transversely, the 
radicle being dorsal. 

Sponoiolk or Spongelrt, the cellu- 
lar extremity of a young root. 

SpoRANGiUM.a case containing spores. 

Hporr, a cellular germinating body 
in Cryptogamic pTanti. 

Spur, same as Caicar. 

SouAMA, a scale ; also 'applied to 
bracts on the receptacle of Com- 
positaj, to bracts in the inflores- 
cence of Amentiferw, and to the 
lodiculos of Grasses. 

Squamosr, covered with scales. 

Stamrn, one of the essential repro- 
ductive organs of the flower, formed 
by a stallc or filament and the 
anther containing pollen. 

STAMiNATRand Staminipkrous, ap- 
plied to a flower having stamens 
only and no pistil, or to a plant 
bearing staminate flowers only. 

Staminodium, an abortive stamen. 

Standard, same as Vexillum. 

Stri.latr, arranged like a star. 

Stkrii.r, staminate flowers not bear- 
ing fruit. 

Stichous, at the termination of 
words means a row, as disiichoust 
in two rows. 

Stigma, the upper cellular secreting 
portion of tne 'pistil, not covered 
with epidermis : S tig matte, belong- 
ing to the stigma. 

Stimulus, a sting, applied to sting- 
ing hairs with an irritating secre- 
tion at the base. 

Stipr, the stem of Palms and of 
Tree-ferns : also applied to the 
stalk of Fern fronds, and to the 
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stalk bearing the pileus in A- 
gancs. 

Stipulate, furnished with stipules. 
Stii'ule, leaflet at the base of other 

leaves, having a lateral position, 

and more or less changed either in 

form or texture. 
Stolon, Stole, a sucker, at first 

aerial, and then turning down- 
wards and rooting. 
Stolonifekous, having creeping 

runners which root at the joints. 
Stom ATES and Stomata, openings in 

the epidermis of plants, especially 

in the leaves. 
Strap-shaped, same as Ligulate; 

linear, or about six times as long as 

broad. 

Stkiated, marked by streaks or 
stria:. 

Stripes, another name for the Vittae 

of Umbclliferae. 
Strobilus, a cone, applied to the 

fruit of Firs as well as to that of 

the Hop. 

Style, the stalk interposed between 
the ovary and the stigma. 

Stvlopod, an epigynous disk seen at 
the base of the styles of Umbellifera. 

Sub, in composition, means it near 
approach to, as sub-rotund means 
nearly round. 

SuBEROUS, having a corky texture. 

Subterranean, underground. 

Subulate, shaped like a cobbler's awl. 

Superior, applied to the ovary 
when free, i.e. placed above the 
calyx ; to the calyx when it is 
placed above the ovary ; to the part 
of a flower placed next the axis. 

Suspended, applied to an ovule 
which hangs from a point a little 
below the apex of the ovary. 

Suspensor, cord suspending the 
young embryo. 

Suture, the part where separate 
organs unite, or where the edges of 
a h)lded orean adhere ; the ventral 
suture of the ovary is that next the 
centre of the flower ; the dorsal 
suture corresponds to the midrib. 

Symmetry, applied to the flower, 
has reference to the parts being of 
the same number, or multiples of 
each other. 

Sympetalous, union or cohesion of 
petals. 

Symphyllous, union or cohesion of 

parts of a perianth. 
Syn, in composition, means united. 
SvNANTHEROUS, anthers united. 



Synanthos, flowers united together.' 
Syncarpous, carpels united so as to 

form one ovary or pistil. 
Syngenesious, same as Sytumther- 

aus. 

Synsepalous, coherent sepals. 

Tap-root, root descending deepliy in 
a tapering undivided manner. 

Tendril. See Cirrus. 

Terete, nearly cylindrical, somewhat 
tapering into a very elongated cone, 
the transverse section nearly circu- 
lar. 

Ternary, parts arranged in threes. 

Ternate, compound leaves com- 
posed of three leaflets. 

Testa, the outer covering of the 
seed ; some apply it to the cover- 
ings taken collectively. 

Tetra, in Greek words, four ; in 
Latin Quater or Quadri. 

Tetradynamous, four long stamens 
and two short, as in Cruciferae. 

Tetragynous, having four carpels or 
four styles. 

Tetramerous, composed of four 
parts ; a flower is tetramerous 
when its envelopes are in fours, or 
multiples of that number. 

Tetrandrous, having four stamens. 

Tetraspore, a germinating body in 
Algae composed of four spore-like 
cells ; but also applied to those 
formed of three spore-like cells. 

Thalamifloral, parts of the floral 
envelope inserted separately into 
the receptacle or thalamus. 

Thalamus, the receptacle of the 
flower, or the part of the peduncle 
into which the floral organs are 
inserted. 

Thallogens or Thallophytes, 

plants producing a thalhis. 
Thallus, cellular expansion in 

Lichens and other Cryptogams, 

bearing the mictification. 
Theca, sporangium or spore-case 

containing spores. 
Thecaphore, a stalk supporting the 

ovary. 
Thorn, same as Spine. 
Throat, the orifice of a gamopetal- 

ous flower. 
Thrum-eyed, flowers having short 

styles, where the stigma does not 

appear at the upper part of the 

tube of the corolla, as in Primula. 
Tigellus, the young embryonic 

axis. 

Tillering, giving out buds firom the 
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lower part of the »talkf of wheat 
and other cereal grains. 

ToMRNTtJHB, covered with entangled 
cottrmy pubescence. 

ToHvn, anbther name for thalamus ; 
sr^metimes applied to a much deve- 
loped thalamus, as in Nclumbium. 

I'K^CfiKiK, a name for spiral vessels. 

TKANHfiKATioN, the exhalation of 
fluids by leaves, etc. 

I'kKiH, three ; Tais, thrice, in com- 
position Trt. 

TuiADKi.HHous, stamcns united in 
three bundles by their filaments. 

Tkiandkous, having three stamens. 

Tnianculak, having three angles, 
the faces being flat. 

Tkichotomous, divided successively 
into three branches. 

'I Kia>sTATE, three-ribbed, ribs from 
the base. 

Tkifid, three-cleft, a leaf divided into 
three segments which reach to the 
middle. 

TkiFoi.iATK or Tkipoliolatk, same 
as Ternate. When the three leaves 
come ofi* at one point the leaf is 
ternately-trifoliate ; when there 
is a terminal stalked leaflet and 
two lateral ones it is pinnately- 
tri/olmte. 

TKi(;oNr>uK, having three angles, the 
faces being convex. 

Tkigvnous, having three carpels or 
three styles. 

Tkiix>cui.ak, having three locula- 
ments. 

Tnimkuous, composed of three parts ; 
a trimerous jtower has its enve- 
lopes in threes or multiples of 
three. 

Tkimokphic, three forms of flowers 
in one s()ccics, each on a different 
plant, with stamens and pistiUi of 
different lengths. 

Tkifaktitk, deeply divided into 
three. 

Tkii'INNAtk, a comprmnd leaf three 

times divided in a pinnate manner. 
TKiHiNNATiKiii, a pjnnalifid leaf with 

the segments twice divided in a 

pinnatiftd manner. 
Tkivurtkous, having three angles, 

the faces bemg concave. 
Tkiktichous, in three rows. 
TkiTKKNATK, three times divided in 

a ternate manner. 
Tkltncatk, terminating abruptly, as 

if cut oflr at the end. 
TuiiKK, a thickened underground 

stem or branch, as the potato. 



TuBERCULR, the swollen root of some 

terrestrial (Orchids. 
Tubular, applied to the regular 

florets of the Composite. 

Umbri., inflorescence in which nu- 
merous stalked flowers arise from 
one point. 

Umuellui.r, a small umljel. seen in 
the compr)und umbellate flowers of 
many Umbellifera:. 

Uncinate, provided with an Uncus 
or hooked process. 

Unurcim, eleven, in Greek EmUca. 

Unguis, claw, the narrowed part of 
a petal ; such a petal is called 
Unguiculate. 

Uni, in composition, one, same as 
Greek Mono. 

Unimxiulak, having a single Loculut 
or cavity. 

Unii'AKOus, a form of cymosc inflor- 
escence. 

Vacuoi^. clear spaces in the proto- 
plasm of a cell. 

Valvatr^ opening by valves, like the 
parts of certain seed-vessels, which 
separate at the edges of the carpels. 

Valvatr iKsTivATioN, and Vkkna- 
TiON, when leaves in the flower- 
bud and leaf-bud are applied to 
each other by their margins only. 

Vai.vek, the portions which separate 
in some oehiscent capsules. A 
name also given to the parts of the 
flower of grasses. 

Vascular tissue, composed of spiral 
vessels and their mfxTiflcations. 

Veins, bundles of vessels in leaves. 

Velum, veil, the cellular covering of 
the gills of an Agaric in its early state. 

Venation, the arrangement of the 
veins. 

Ventral, applied to the part of the 
carpel whicn is next the axis. 

Vernation, the arrangement of the 
leaves in the bud. 

Versatile, afiplied to an anther 
which is attaclied by one pr>int of 
its back to the filament, and hence 
is very easily turned about 

Verticil, a whorl, parts arranged 
oppr^ite to each other at the same 
level, or, in other words, in a circle 
round an axis. I1ie parts are said 
to \)c Verticil late. 

Verticillaster, a false whorl, form- 
ed of two nearly sessile cymes 
placed in the axik of opposite 
leaves, as in Dead-nettle. 
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Vesicle, another name for a cell or 
utricle. 

Vessels, tubes with closed extremities. 
Vexilli'm, standard, the upper or 

posterior petal of a papilionaceous 

flover. 

ViGiNTi, twenty, same as Greek I cost. 
ViTT.K, cells or cb^-ate tubes con- 

t^nin;; oil in the ptencarp of Um- 

iKrlliferx. 

Vivipvkors plants producing leaf- 
buds in place of fruiL 

VoLVA, a wrapper, the organ enclosing 
the parts of fungi in their young 
state. 

Whokl, see Verticil, 



Whokled, see Verticillate. 

WiKcs, the two lateral petals of a 

papilionaceous flower, or the iMnoad 

flat edge of any organ. 

Xakthophyll, yeUow colouring 

matter in plants. 
XvLEU, the wood portioo of a fibro- 

vascular bundle, fomwd usually of 

thick-walled cells. 



Zoo!;poRE, a moving qmre provided 

with ciluL 
Zygospore, a compound spcxre, 

formed by conjugatuig cells, as in 

FungL 
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ABBREVIATIONS AND SYMBOLS. 

Thb names of Authors are abridged in Botanical works by giving 
the first letter or syllable, etc. — Thus L. stands for Linnteus ; DC. 
for De Candolle ; Br. for Brown ; Lam. and Lmk. for Lamarck ; 
Hook, for Hooker ; Hook. fil. for Hooker junior ; Lind. for Lind- 
ley ; Am. for Amott ; H. and B. for Humboldt and Bonpland ; 
H. B. and K. for Humboldt, Bonpland, and Kunth ; W. and A. for 
Wight and Amott ; Benth. for Bentham ; Berk, for Berkeley ; Bab. 
for Babington, etc. 

The Symbol 00 or 00 means an indefinite number ; in th« case 

of stamens it means above 20. 
O © or A. means a Monocarpic annual plant ; flowering and 

fhiiting within the year and then dying. 
6 or B. means a Biennial plant ; flowering and fruiting in 

the second year. 
% ^ otV, means a perennial plant ; Rhizocarpic. 

or Sh. means a shmb ; 5 means a tree under 25 feet ; T. or B 

a Tree above 25 feet. 
^ means a climber ; ) turning to the left ; ( tuming to the right. 
O = Cotyledons accumbent, radicle lateral ; Pleurorhizea. 

II Cotyledons incumbent, radicle dorsal ; Notorhizeae. 
0> Cotyledons conduplicate, radicle dorsal ; Orthoplocese. 
OHM Cotyledons plicate or folded, radicle dorsal ; Spirolobere. 
Oil II II Cotyledons biplicate or twice folded, radicle dorsal ; 

Diplecolobese. 
^ Flower, having both stamens and pistil. 
6 Staminiferous, staminate, or sterile flower. 
9 Pistilliferous, pistillate, or fertile flower. 
6 — 9 Monoecious or Monoicous species, having staminate and 

pistillate flowers on the same plant. 
6:9 Dioecious or Dioicous species, having staminate and pistillate 

flowers on diflferent plants. 

1 Indicates certainty as to a genus or species described by the 
author quoted. 

? Indicates doubt as to tiie genus or species. 

O or indicates the absence of a part. 

In giving the Formulae for flowers the following marks are used :— 
for sepals, P for petals, St for stamens, C for carpels, 
S united or coherent sepals, P united or coherent petals, St 
united or coherent stamens, C united or coherent carpels (see 
also page 202). ^ 
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Abbkrviations, 347. 
AI)icH, 308 
AbioH lJoiifl;la.sii, 35 
Acacia leal, 71 
Achene, 156 
Achlamydeoiiii, 1x4 
Aconite, 934 
Acorn. 98, 154 
Acotyledones, 399 
Acotyledonous, 167 

stem, 40 

Acrogense, 393 
Acrogenous stem, 40 
Acrogens, 40 
iGstivation, 1x9 
Agaricus, 183 
Age of palms, 38 

trees, 39 

Air-plants, 90 
Alae or wings, 194 
Albumen, 163 
Albuminous, 163 
Alburnum, 30, 39 
Alchemilla, 967 
Alea, 187, 395 
Allcanet, 996 
Almond, 965 
Alsinese, 944 
Althza, 959 
Amarylltdiiccn. 3x9 
Amaryllis family, 3x9 
Amentiferic, 307 
Ammonia, 88 
Amygdaleac, 964 
Anatropous ovule, 149 
Anchusa, 996 
Andromeda, 999 
Anemone, 933 
Angiospermous, 169 
Anise. 974 
Annulus, x8o 
Anther, X31 
Anthendia, x8i 
Anthriseus, 974 
Antirrhinum, 300 



Apocarpous, X44 
Apple, X58, 965 
Apricot, 965 
Araucaria, 39 
Arbutus, 991 
Archegonia, x8x 
Arctostaphylos, 991 
Aristolochia, 140 
Arnica, 974 
Artichoke, 984 
Artificial classification, 
907 

Arum, X05, 3x6 
Asafoetida, 979 
Ascending axis, x 
Asclepiasfseed, 165 
Asparagus, 94 
Asperula, 977 
Aster, 989 
Athyrium, X79 
AtropesB, 998 
Australian Heath, 999 
Austrian Pine, 308 
Avena, pxg 
Axil of leaves, 93 
Axis, X 
Azalea, 999 
Azotised products, 90 

Balsam fruit, X64 
Bamboo, 390 
Banana, 7 
Ban van tree, x8 
Baobab, 34 

Barberry stamens, X37 
Barley, 390 
Bast, 47 
Batatas, 905 
Bean family, 960 
Bearberry, 99X 
Bedstraw, 977 
Beech, 307 
Beet, 304 
Belladonna, 998 
Bell-Heath, 999 



BcUis, 988 
Berg-meal, 190 
Berry, X58 
Bind-weed, 994 
Birch, 307 

Birth wort stamens, X35 

flower, 140 

Biting stonecrop, 970 
Blaeberrv, 999 
Blood-nun, X90 
Blood-root, 936 
Bloody-cranesbill, 954 
Blue-bell, 989 
Borage family, 996 
BoraginacesB, 996 
Bordered pits, 31 
Bracts, 93 
Brambles, 96k 
Branches, fall of, 83 
Brazil nuts, X58 
Bread-fruit, xs4 
Brome-grass, 390 
Broom, 969 
Broom-rape, 9X 
Buck-wheat, 305 
Buds and Branches, 43 
Bulbs, 94 

Bulrush of Scripture, 5 
Burdock, 985 
Bush-rope, 33 
Butcher s-broom, 98 
Buttercup, 931 
Butterwort, 74 



Cabragb, 939 
Cactus, 6 
CflBsalpinieflB, 969 
Calabar Bean, 969 
Calceolaria, 309 
Call una, 999 
Caltha, 933 

Calycifloras Polypetalse, 

90O 

Gamopetalae, 976 
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Calyx, 119 

adherent, 121 

Cambium, 31 
Campanulaceae, 279 
Campion, 248 
Cane-Sugar, 90 
Capsella, 240 
Cap&iciun, 298 
Capsule, 156 
Caraway, 274 
Carbonic acid, 86 

decomposed by the 

leavesj 82 
Carbon in planU, 86 
Carduus, 287 
Carex, 317 
Carnation, 244, 245 
Carpels, 142 
CarTK>phore, 273 
Carrion-flower, 128 
Carrot, 271 
Caryophyllaces, 244 
Carvopsis, 320 
Cashew, 99 
Cassia, 262 
Catchfly, 249 
Catechu, 262 
Catkin, 105 

Catkin-bearing family, 

Cw^flower, 239 
Cedar, 308 

Cedar of Lebanon, 35 
Cedrus, 308 
Celandine, 236' 
Cells, 4 

Cells, contents of, xi 
Cells, rapid increase of, 
185 

Cellular plants, 4 

Cellulares, 325 

Cellulose, 88 

Centranthus, 279 

Centrifugal Inflores- 
cence, 96 

Centripetal Inflores- 
cence, 96 

CephaeUs, 277 

Cerastium, 245, 247 

Cereal Grains, 318 

Cereus grandiflonis, 129 

Chalaza, 149 

Chamomile, 285 

Chara, 9 

Character and descrip- 
tion of plants, 200 
Cheiranthus, 239 
Chenopodiaceae, 304 
Cherry, 265 
Chervil, 274 
Chestnut, 307 
Chickweft(C 245 



Chickweed fiimOy, 344 
Chicory, 282, 284 
Chilian Pine, 83 
Cicely, 274 
Cichoraceae, 284 
Cichorium, 282 
Cjnchoneae, 277 
Cinquefoil, 267 
Circaea, 268 

Circulation of the sap, 46 
Chloroph3rIl, 91 
Cladoptosis, 83 
Classes, 199 

Classes and orders of 
Ldnnaean system, 209 

Classes and sub-classes 
of natural systeni, 220 

Classification, 193 

Classification,systems of, 
207 

Classification, tabular 

view of, 219 
Clematis, 233 
Clove-pink, 100 
Clover, 26a 
Cochlearia, 240 
Coco-nut, embryo, 167 
Coffeae, 277 
Coffee, 278 
Colchicaceae, 314 
CoUomia seeds, 6 
Colours of flowers, 125 
Coltsfoot, 285 
Columbine, 234 
Comfrey, 296 
Composita?, 282 
Cone, 155 

Cone-beairing family, 308 
Confervae, 189 
Coniferae, 308 
Conjugation of Zygne- 

ma, 189 
Convolvulaceae, 294 
Convolvulus, 294 
Coriander, 274 
Cork-oak, 47 
Conn, 26 
Corolla, X8I 

Corollas, regular and ir- 
regular, X22 

Corolliflorae, 290 

Corolline appendages, 
124 

Corylus, 137 

Corymb, 104 

Corymbiferae, 284 

Cotyledon, X67 

Crab-Apple, 160 

Cranberry, 292 

CranesbiU family, 253 

Crassulaceae, 268 

Cress family, 236 



Crocus, 312 

autunm, 314 

Cross-leaved Heath, 292 
Crowfoot family, 230 
Cruciferae, 236 
Cryptogamous plants, 
322 

Crystals in ceUs, ix 
Cuba bast, 47 
Cuckoo-pint, 316 
Cummin, 274 
Currant, 153 
Cuscuta^ 295 
Cuticle, 49 
Cyme, xos 
Cynarocephalae, 284 
Cynoglossum, 297 
Cyperaceae, 3x6 
Cyinipedium, 312 

Daisy, 388 
Daisy family, 282 
Dandelion, 285 
Dandelion faimly, 283 
Dandelion fruit, x66 
Date-Palm, 39 
Daucus, 27X 
Dead-nettle, ipo 
Dead-netde fomily, 299 
De CandoUe's system, 
320^ 

Definite inflorescence, 

D^oliation, 82 
Descending axis, i 
Desmodium, 75 
Dextrin, 89 

Diadelphous stamens, 

Dianthus, 245, 348 
Diatoms, 188 
Dichasial cyme, 106 
Dichasial inflorescence, 

Dicliasium, 346 
Dichlamydeous, 1x4 
Dicotyledones, 338 
Dicotyledonous, X67 
Dicotyledonous stem, 37 
Didynamous stamens. 

Digitalis, 303 
Dicecious, X48 
Dionaea, 74 
Dipsacaceae, 388 
Dischidia, 73 
Diseases of grain, x86 
Dock, 305 
Dodder, 295 
Dog-rose, 366 
Dog-tooth violet, 3x4 
Double flowers, zxo 
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Douglas pine, ^f* 
jyraLCJMSi^ 314 
Dragon -tree, 314 
Drained and undrained 

■oil, 170 
Drosera, 74 
Drupe, 158 
Dry-rot, aa, 186 
Duramen, 3a 

Elymus, 3ao 
Embryo, 166 
Embryo, division of 

plants according to, 175 
Enchanter's night - 

shade, 268 
Endogemc, 309 
Endogenous stem, 37 
Kndo(j[ens, 38 
Epacm, a9a 
EpacridacesB, 393 
Epidermis, 49 
Epigynotu stamens, 133 
Epiphytes, ao 
Epiphytic, 311 
E<^uisetum, 180 
Encaceae, 390 
Erodium, 258 
Erysimum, 337 
Essential character, aoo 
Euphorbia, 113 
Evening Primrose, a68 
Evergreens, 8a 
Exalbuminous, 163 
Exhalation from leaves, 

76. 

Exogenae, aaS 
Exogenous stem, 27 
Exogens, 37. 

Facopvkum, 305 
Fairy rings, 14 
Fall of leaf, 83 
Families, 198 
Fern family, 333 
Femsj 178 
Fertilisation, 148 
Fescue-grass, 330 
Fig, loi, 155 
Fig-marigold, seed-ves- 
sel, 165 
Figwort, po3 

family, 300 

Filament, 131 
Filbert, 98 
Filices, 333 
Fir, 308 
Flax, 47., 

family, 356 

plant, 357 

Floral clock, 1 16 
— fonnube, 303 



Flower and its parts, 109 
Flowering, times of, 1 16 
FlowerleM plants, 178, 
333 

Flowers, double, 110 
opening and closing 

of, 116, 117 

colours of • 135 * 

odours of, 138 

Fbwcr stalk, 99 
Follicle, 155 
Frxxl of plants, 85 
Fool's-parsley, 374 
Forests, effects of, on 

climate, 77 
Fwgct-me-not, 106, 396 
FonnuUe for parts of tlie 

flower, 303 
Fossil pine, 33 
Foxglove, yn 

stamens, 134 

Fragaria, 366 
Fritillary, 114 
Fro^smoutn, 301 
Fruit, 153 

of Cruciferae, 237 

of Ranunculacea;, 

331 

Frustules, 189 
Fuchsia, 368 
Fucus, 187 
Fumaria, 98 
Functions of the root, 16 
Fungi, 183, 335 

Oalbanum, 374 
Oalieae, 377 
Gamopetalous, lai 
Gamosepalous, 119, 12^ 
Gases, their effects in 

leaves, 80 
Genera, 198 
Gentian, 393 
Gentianaceae, 393 
Gentianella, 100 
Gentian Root, 394 
Geraniaceae, 35a 
Geranium, 353 
Geranium fruit. 165 
Germinal vesicle, 150 
Germination, 169 
Germination, chemical 

changes during, 171 
Gills or Lamellae, 184 
Ginger, 34 
Girasole, 117 
Gladiolus, 36 
Glandular hairs, 55 
Glossary, 329 
Gloxinia, 115 
Glucose, 90 
Glumes, 319 



Glumiferw, 316 
Gluiin. 90 
GfKjseberry, i$t 
Goosefoot uunily, 304 
Grafting, 159 
Gramineae, 318 
Grape, 15a 
C;rape-sugar, 90 
Grass family, 318 
Gum Arabic, 363 
Gum in plants, 89 
Gun-cotton, 89 
Gymm>spermous, loa 
Gynandrous, 134 

Haiks, 53 
Hairy seeds, 164 
Harebell family, 379 
Haricot, 174 
Harts-tongue, 333 
Hawkweed, 384 
Haxel, 307 

nut, 154 

Head or Capitulum, 104 
Heart'wood, 33 
Heath family, 390 
Heather, 391 
Heaths of Britain, 391 
Height of Exogens, 33 
Hellebore, 334 
Hemlock family, 371 
Hemp, 47 
Henl)ane, 398 
Henbane-fruit, 158 
Hep of the Rose, 265 
Herb-Robert, 355 
Hibiscus, 47 
Hollyhock, 47 
Holly-leaf, 51 
Honesty, 339 
Hop, 98 

Horse-radish, 339 
Horsetails, 180 
Hound's-tongue, 397 
House-leek, 370 
Hyacinth, 314 
Hybrid, 151 . 
Hydrogen in plants, 87 
Hydrophyta, 335 
Hypogynous stamens, 
139 

Hyssop, 300 

Indigo, 363 
Indusium, 394 
Inflorescence, 9^ 

Diagram of, 107 

Inoculating flowers, i^x 
Inorganic CompouncU, 
8S 

Insect forms of flowen, 
140 
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InMCti in fertilisation, 

Invv^ucre, 97 
Ipecacuan, 377 
Iridacea:, 31a 
Iris family, 31a 
Irritability of leaves, 73 
Ivy, 26 

Jalap, 395 

Jemsalem Artichoke, 
117 

Juncaceae, 3x5 

Kalmia, 99a 
Kerguelen land Cab- 
bage, 939 
Kino, a6a 

Knot-grass fiunUy, 305 
Knots, 45 

Label, 124 

Labiatae, a99 

Lace-bark tree, 47 

Lady's Mantle, 367 

Ladir's Tresses, 3x1 

Lamium, 300 

Larch, 308 

Larix, 308 

Larkspur, 234 

Lastrea, 179 

Lathyrus, a6o 

Laticiferous vessels, xo 

Lavatera, 25a 

Lavender, 300 

Leaf - arrangement, or 
phyllotaxis,«55 

Leaf-buds, 60 

Leaf, fall of, 8a 

stalk, 69 

tjmm, anaraalouir 7a 
com^tind, 64^ 67 
coiimrmatjori, or 
forms of, 6a 

functions of, 76 

irritable, 73 

simple, 63 

structure of, 48 

their effects on the 

atmosphere, 79 

Ledum, 292 

l eek, 314 

Legume, 156 

Leguminosae, 260 

Leontodon, 285 

Lettuce, 284 

Liber, 47 

Lichen, 183, 325 

Light and darkness, ef- 
fects of, on leaves, 81 

Lignin, 89 

Ligtilate flowers, x2o 



Ligule, 390 
Liuace 



laces, 3x4 
Lily family, 314 
— pistil, X44 
Lime-tree, 47 
Ling, 291 
Linaceac, 256 
Linnaean system, 208 
Locust tree, 262 
Logwood, 26a 
LoUum, 320 
Lotus, 234 
Luzula, 315 
Lychnis, 246, 348 
Lyme-grass, 320 

Madder, 377 
Maize, 320 
Male Fern, 180 
Mallow family, 949 

stamens of, 134 

Malting of Barley, 17 x 
Malva, 249, 251 

Mangrove tnc, li, 176 
Mojigold wutid, 304 
Marjnram,. 3015 

Marsh Mart^nki, ^jj 

Violet, 244 

Matthiola, 240 
Meadow-saffron, 314 

Meconopsis^ 936 
Melanlhace^ ^14 
Medcarp^ 373 
Metals una Metalloids 

in plant*. Qt 
Meteoric Tlrj wets, iij 
Micrcipyk of ovul^ 149 
Microscopic structure of 

plants, 3 
Millet, 320 
Mimoseae, 269 
Mint, 300 
Mistleto, 23 

Monadelphous stamens, 

Montey-pot, 158 

Monkahood, 934 
Mobocblamyde^c, 303 
MopocUamydes, An- 

giaapemue^ 30| 
llonoclilainyde^ Gym- 

naspermtf, 307 

MoTiacotyletfM«i|, Glu- 
mU'ene, 316 

Peta- 



167, 



309 



Monocotyledonous stem, 

MDnrccioiia, 148 

Moss family^ 3195 
MauH -fungus ao 
Mould-;. 4 

M <.j L] nl ;uD-ttM^ tott 

Movements in cells and 

vessels, 10 
Moving-plant, 75 
Moving-spores of Con- 

fervae, 189 
Mulberry, 113, 154 
Mummy-wheat, 171 
Muscardine, 186 
Musci, 325 
Mushroom, 184 
Mustard, 241 

white, 240 

Mycelium, 184 
Myosotis, 396 
Myrrhis, 274 

Naked Ovules, 145 
Names of plants, 20X 
Narcissus, 96, 313 
Narthex, 373 
Natural classification, 
307 

Natural system of classi- 
fication, 3x6 

Nectaries, 124 

Nectarine, 265 

Nepenthes, 72 

Nettle, 113 

family, 306 

Nicotiana, 3^ 

Night-fiowermg plants, 
129 

smeEbie^ Rtflcl^ 129 

NitroBen ta pHaata,. 
NQtQKAdAltmiCf ma 
NoTi-developtncnt^ 115 

of p]:i[lt!Hf 113 

Niirfolk li^lnnd pine, 33 
Norway spruce, 308 
Nostoc, 191 

Nourishment of plants, 
85 

Nucleus of ovule, 149 
Numerical relation in 

flowers, 110 
Nut, 1^7 

Nutritive organs, x 
Nymphaeaceae, 234 

Oak, 307 
Oats, 318 

— embryo of, 167 
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Obsolete calyx, lao 
Odours of flowers, 128 
Oenothera, 268 
Olive, 115 
Onagracex, 267 
Onion, 314 

Opening and closing of 

flowers, 116 
Opifjm-poppy, 236 
Orach, 304 
Orange leaf, 71 
Orchidacea, 310 
Orchid flower, 140 

roots, 19 

Orchis family, 310 
Orders, 198 

Organic compounds, 85 
Organs of plants, i 
Orris root, 312 
Osmunda, 180 
Ovaries, divisions in, 145 
Ovule, 247 
—— anatropous, 149 

— orthotropous, 149 
Oxalidacese, 255 
Oxalis, 256 

Oxygen given out by 

leaves, 81 
— - in plants, 87 

P.KONY, 156 

Paleee, 319 
Palma:, 316 
Palms, 316 
Palm-seed, 163 

— -stem, 37 
Palmella, 190 
Pansy, 242 
Papaver, 235 
Papaveracex, 235 
Paper, 89 
Papilionacese, 262 
Papilionaceous, 124 
Pappose calyx, 120 
Pappus, xai 
Papyrus, 5 
Parasites, 21 
Parmelia, 183 
Parsley, 273 
Parsnip, 273 
Passionflower fringes, 

234 

Pea family, a6o 

stamens, 135 

Peaches, 265 
Pears, 265 
Peaty soil, 86 
Peduncle, 99 
Peepul-tree, 51 
Pelargonium, 25a 

petals of, laa 

PeUitory, 113 



Penicillium, 186 
Penny-cress, 242 
Perianth, 113 
Perifjynous stamens, 132 
Perisperm, 163 
Personate, 302 
Peruvian bark, 277 
Petals, forms of, 123 
Petiole, 69 

Phanerogamous or 

flowenng plants, 228 
Phyllodium, 68 
Phylloptosis, 83 
Picotees, 245 
Pileqs, 184 
Pimpernel, 95 
fruit, 158 
Pine-apple, 155 
Pinguicula, 74 
Pink, 24^ 
Pinnate leaves, 68 
Pinus, 308 
Pistil, 142 

of lady's mantle, 

of primrose, 145 

of Wallflower, 146 
Pistillate flower, 115 
Pistillidia, 322 
Pistilliferous, 148 
Pitcher-plants, 73 
Pitchers, 72 
Pith, 28 

Pitted vessels, 7, 28 
Placenta, 144, 145 
Plantae tristes, 129 
Ploughing, 170 
Plum, 265 
Plumule, 167 
Pollard trees, 43 
Pollen, 135, 148 

function of, 150 

masses, 136 

—— of Firs, 139 
—— quantity of, 138 

^-tube, 150 

PoUinia, 136 
Polyadelphous stamens, 

T, 

Polygonacese, 305 
Polypetalous, 121 
Polysepalous, 119 
Polystichum, 323 
Pomea:, 265 

Poor man's weather- 
glass, 117 
Poplar, 307 
Poppy family, 235 

fruit, 158 

Potato, 208 

ap^le, 158 

— — - family, 297 

2 A 



Potentilleac, a64 
Prickles, 45 
Primrose, pistil of, 145 
Pringlea, 239 
Protnallus, 179 
Protococcus, 190 
Protoplasm, 10, 91 
Puff-balls, 185 
Punctated vessels, 31 
Pyroxylin, 89 
Pyxis, 158 

QuRBN of the Meadow, 
265 

Quinate leaves, 69 
Quince, 265 
Quinine, 278 
Quinoa, 305 

Raceme, 102, 103 
Races, 196 
Radicle, 167 
Radish^ 239, 24a 
Rafllesia, 21 
Ragwort, stamens, 135 
Rampion, 281 
Ranunculacea:, a3o 
Ranunculus, 231 
Raphanus, 242 
gaphe 149 
Raphides, 11 
Raspberries, 265 
Receptacle, 99 
Red-currant, 153 
Red-snow, 190 

Valerian, 279 

Reproductive organs, 1, 

Resting or motionless 

spores, 191 
Rheea fibre, 47 
Rhizome, 24 
Rhododendron, 292 
Rhubarb, 305 
Rhus, 99 
Rice, 320 
Rocket, 239 
Root, 13 
Rosacea:, 263 
Rosesc, 264 
Rose family, 263 
Rosemary, 300 
Rose of Jericho, 165 
Rosewood, 26a 
Royal Fern, 180 
Ruoiacea:^ 377 
Rush family, 315 
Rye, 320 
Ryegrass, 320 

Saffron, 3x9 
Sage, 300 
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Salep, 19 
Salicomia, 304 
Salsafy, 1x7 
SaLsola, 304 
Sanguisorbez, 264 
Sap, drculation of, 46 
S«^>ucaya nuts, 158 
Sapwood, 33 
Sarothamnus, 363 
Sarracenia, 73 
Saxifragaceae, 270 
Saxifrage family, 370 
Saxifrages, Alpine, 371 
Scabious, loi 
Scabious family, 288 
Scalariform vessels, 4 
Scammony, 295 
Scilla, 31^ 
Scolopendrium, 323 
Scorpioidal inflorescence 

Scorpion grass, 107 
Scotch fir, 308 
Screw pine, 18 
Scrophulana, 302 
Scrophulariaceae, 300 
Scurvy-grass, 240 
Sea-weeds, 187 
Sedge family, 316 
Sedum, 269 
Seed, 162 

Seed, sprouting of, 169 
Seedless fruits, x6i 
Seeds, dormant, 170 

number of, 166 

Senecio, 282 
Senna, 262 
Sensitive plant, 74 
Sepals, 119 
Sequoia, ^ 
Shepherd s-purse, 240 
Shield fern, 323 
SUenex, 244, 248 
Silicula, 156 
Siliqua, 156 
Sinapis alba, 241 

orientalis, 237 

Skeleton leaves, 51 
Sky-jelly, 191 
Snapdragon, 302 
Snowdrop, 312 
Snowflake, 95, 3x2 
Soil, temperature of, 175 
Solanaceie, 297 
Solaneae, 298 
Solomon's seal, 24 
Son, 323 
Sowing, 170 
Spadix, 105 
Spathe, 94» 105 
Spawn of Fungi, 185 
Species, 195 



Speedwell, izi 
Spike, 104 
Spikelet, 136 
Spikenard, 379 
Spinage, 304 
Spuaeeae, 265 
Spiral cells, 6 

fibres, 8 

— ^ vessels, 5 
Spiranthes, 311 
Spongioles, 14 
Sporangium, 180, 333 
Spores of A%ae, 187 . 
Spores and Spore cells, 
181 

Spores, inoving, X89 

resting, 191 

Spring flowers, u6 
Sprouting of laurel and 

orange, X73 

of Liverwort, 173 

of Oats and Maize, 

172 
Spruce, 308 
Squill, 314 

Squirting Cucumber, 

Stamens, 131 

elastic, X36 

irritable, 136 

and pistils, number 

of, 148 
Staminate flower, 114 
Staminiferous, 148 
Stapelia, X38 
Starch in plants, 89 
Star-jelly, X91 
Stellaria, 247 
Stellatae, 277 
Stem, 23 

acrogenous, 40 

endogenous, 37 

exogenous, 27 

form of, 42 

functions of, 45 

Stines, 55 

Stinking cranesbill, 255 
Stipules, 63, 71 
Stock, 340 
Stomata, 53 
Stonecrop family, 268 
Stonecrop pistil, 144 
Stone fruit, 158 

Pine, 35 

Storksbill, 255 
Stramonium, 298 
Strawberry, 154, 266 
Style wort, 136, 137 
Stylopod, 273 
Sub-classes, 199 
Sub-genus, 15^ 
Sub-orders, 199 



Succory, 282 
Sucrose, 90 
Sugarcane, 320 
Sugar in plants, 90 
Su^hur snowers, 199 
Sundew, 74 
Sunflower, 285 
Superior, 150 
Sweet-brier, 266 
Sweet pea, 260 

potato, 295 

violet, 244 

Sjrmbols, 304, 347 
Symmetry in flowers, 
110 

Symmetry, interrupted, 

112, 115 
Sjrmmetry, numeral, xio 
Symphvtuin, 396 
Synantherous stamens, 

Synourpous, 144 
Syngenesia, 284 
Syngenesious stamens, 
134 

Talipot Palm, 39 

Tap-root, xa 

Teazel family, 288 

Tendrils, 71 

Terms explained, 329 

Temate leaves, 69 

Tetradynamous stamens, 

ThaAmiflorae, 239 
Thallogenae, 325 
Thecae, 323 
Thistle, 104, 287 
Thlaspi, 343 
ITioms, 45, S3 
Thyme, 300 
Tobacco, 398 
Tomato, 208 
Tragacanth, 262 
Trapa,69 
Trsmspiration, 77 
Tree-ferns, 40, 325 

mallow, 252 

Trefoil, 263 
Tubercules, 19 
Tuberose, 314 
Tulip, 3x4 
Turnip, 239 
Tussac grass, 330 
Twining plants, s6 

UmbeLj 102, 103, X04 
Umbelliferae, 371 
Urtica, 307 
Urticaceae, 306 
Uva ursi, 391 
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VACCINIACBiB, 992 

Valerianaceae, 278 
Valerian family, 278 
Vallisneria, 9, 139 
Vamlla, 312 
Varieties, 196 
Vascular plants, 4 
Vaucheria spores, 189 
Veil of fungi, 184 
Venation, 51 
Venus's fly-trap, 73 
Verbena, lox, Z03 
Vernation, 60 
Veronica, 302 



Verticillaster, 300 
Vesicles, 4 
Vessels, 6 
Violaces, 342 
Violet, forms of, 243 
Virginian spider-wort, xo 



Wallflower, 239 
Wallflower family, 236 
Walnut, 105 
Wardian cases, 81 
Water chestnut, 268 



Water lilies, 234 
Wellingtonia, 34 
Welsh poppy^ 236 
Weymouth pme, 308 
Wheat, 318 

stamens of, 136 

Wg-tree, 101 
Willow, 307 

herb, 267 

Winged seed of fir, 165 

seeds, 164 

Wood-sorrel family, 255 
Woodruff", 277 
Woody tub«, 6 



THB END. 
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